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Pollinator conservation has recently become a topic of greater interest and research
around the world as native insect pollinator species increasingly face population declines. In the
United States, growing concerns regarding food security and decreased biodiversity have led to
the creation of programmatic and best management practices (BMPs) promotional efforts among
governmental and non-governmental organizations. These efforts seek to support pollinators on
public and private lands by addressing the primary causes of decline (e.g., habitat loss and
increased chemical use). Although these organizations have worked diligently to increase
awareness and applicability of programs to private landholders, there is still a gap in pollinator
BMP adoption. The purpose of my dissertation was to address the pollinator BMP adoption gap
through empirical research with two primary goals: 1) develop and test a measurement
instrument to investigate the current state of adoption in Mississippi, landholder attributes, and
attribute influence on adoption intentions, and 2) conduct segmentation analyses to develop
preliminary recommendations for future educational and outreach efforts to increase adoption of
pollinator BMPs. I used two sociological theories to develop a questionnaire consisting of
constructs measuring landholder attributes, including Attitudes, Injunctive Norms, Perceived
Behavioral Control, Intentions, Knowledge, and Communication Channel Use. I conducted a

self-administered mail survey during summer 2018 and received a 38.5% effective response rate.
Relative to the first goal, major findings from the research included evidence of reliability and
validity for the measurement constructs, landholders having more favorable than unfavorable
Attitudes regarding the use of pollinator BMPs on their properties, and Perceived Behavioral
Control as the strongest influence on adoption intentions compared to additional landholder
attributes. Relative to the second goal, major findings included the generation of four distinct
clusters and three land use type segments that allowed for group comparisons and development
of a recommended two-step targeted educational and outreach approach. My dissertation
provided theoretical and substantive advances to the fields of adoption research and pollinator
conservation from which future research and outreach efforts can grow.
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CHAPTER I
INTRODUCTION
1.1

Impetus for Dissertation
Humans and non-human species are inextricably linked through interwoven dependencies

and consequences of actions on abiotic and biotic ecosystem components. The epitome of this
link is between humans and animal pollinator species. Animal-mediated pollination is the
transfer of pollen grains from the male anther of one flower to the female stigma of another
flower by an animal vector, resulting in plant fertilization and the subsequent production of seeds
and fruits (van der Sluijs & Vaage, 2016). In natural systems, flora and fauna are benefitted by
pollination, with some estimates indicating approximately 90% of global flowering plant species
are animal pollinated, especially by insects (Kearns, Inouye, & Waser, 1998; Ollerton, Winfree,
& Tarrant, 2011). This service also benefits humans through the reproduction of food crop
species, accounting for 35% of global food production (van der Sluijs & Vaage, 2016), with
conservative estimates of the global economic value in excess of $200 billion annually (Breeze,
Gallai, Garibaldi, & Li, 2016; Potts et al., 2016). Although native insect pollinator species have
beneficial impact (Losey & Vaughan, 2006), they have been adversely affected by the actions of
humans including agricultural intensification and urban expansion (Garibaldi, Requier, Rollin, &
Andersson, 2017; Williams et al., 2015). Specifically, some of the primary causes of pollinator
population declines are habitat loss, increased chemical use, and climate change (Allen-Wardell
et al., 1998; Kearns et al., 1998; Sunderland, 2011), which are directly tied to land management
1

decisions. The decline of pollinator biodiversity among landscapes has a ripple effect, lessening
overall biodiversity, decreasing the presence of beneficial crop pest control species, and causing
concern for the future of food security (Morandin, Long, & Kremen, 2016; Potts et al., 2016;
Sunderland, 2011). Pollinators are mobile species continuously crossing geopolitical boundaries;
therefore, the involvement of public agencies and private landholders is vital to develop a
connected conservation approach to support the mutualistic plant and pollinator species on which
we depend.
Increased awareness and concern about the loss of native insect pollinators has led to the
promotion of best management practices (BMPs) and associated funding opportunities for public
and private lands in the United States (US) (e.g., USDA FSA, 2017; USDA FS, 2015). Although
conservation efforts on public lands are beneficial, they are insufficient to adequately support
biodiversity (Kamal, Grodzińska-Jurczak, & Brown, 2015). Furthermore, adoption of pollinator
BMPs among private landholders is especially crucial because over 60% of US lands are
privately-owned (CRS, 2017; USDA, 2018). Several organizations, such as The Xerces Society
and USDA Natural Resources Conservation Service (NRCS), have promoted a variety of BMPs
that will benefit pollinators, which can be grouped into three main categories: 1) establishment of
forage habitat, 2) provision of nesting habitat, and 3) reduction of chemical use. These practices
specifically benefit pollinators by providing continuous forage for nectar and pollen needs,
suitable nesting and larval host habitat for specialist species, and promoting overall ecological
health through the reduced use of chemicals (Mader, Shepherd, Vaughan, Black, & LeBuhn,
2011). Specifically, some of the suggested and promoted practices include adjustment of
pesticide application timing to evening applications when pollinators are less active or when
flowers are not in bloom, use of Integrated Pest Management and no-tillage or conservation
2

tillage, addition of native wildflower plantings and hedgerows, and improvement of field borders
(Garbach & Long, 2017; Garibaldi et al., 2014; Mader et al., 2011; Morandin & Kremen, 2016;
Williams et al., 2015; Wratten, Gillespie, Decourtye, Mader, & Desneux, 2012). Although these
practices provide numerous ecosystem benefits, their adoption rates have remained low (Garbach
& Long, 2017; Morandin et al., 2016), most likely a result of lack of implementation knowledge,
high initial costs, and/or greater management involvement (Pannell et al., 2006). To effectively
address this adoption gap, it is vital to understand the attitudes, knowledge, and constraints of
private landholders to better develop targeted educational and outreach efforts to increase
adoption diffusion of pollinator BMPs.
Over the past several decades, the Theory of Planned Behavior (TPB) and Diffusion of
Innovation (DoI) theory have been used in numerous research studies to explore the dimensions
of landholder conservation practice adoption, including attribute influence on intentions and
adopter and innovation characteristics (see Ajzen, 1991; Fishbein & Ajzen, 2015; Rogers, 2003).
Innovation characteristics can be a determining factor on its adoption potential; however, the
individual characteristics of social actors in a system can provide critical sources of variation that
affect adoption rate (e.g., Raymond & Brown, 2011). Furthermore, it has been postulated that an
individual’s intention to act can be influenced by several factors including their value
orientations, beliefs, attitudes, observed social norms, and perceived behavioral control (Fishbein
& Ajzen, 2015; Fulton, Manfredo, & Lipscomb, 1996). Although adoption research has been
ongoing in the US for decades, the identification of consistent and reliable variables influencing
BMP adoption has been problematic, underscoring the complexity of social and environmental
systems (Prokopy, Floress, Klotthor-Weinkauf, & Baumgart-Getz, 2008; Reimer et al., 2014).
Thus, the use of multiple theories and their variables is necessary to more adequately address and
3

conceptualize the current state of and potential opportunities for pollinator BMP adoption among
private landholders.
Given the concerns and efforts regarding pollinator conservation and the importance of
private landholder involvement, the purpose of my dissertation was to address the pollinator
BMP adoption gap by focusing on the characteristics and behaviors of private landholders in
Mississippi. Specifically, I wanted to ascertain landholder attitudes, normative pressures,
constraints, intentions, and knowledge related to their implementation of nine pollinator BMPs:
1) planting nectar species, 2) using cover crops, 3) creating field borders, 4) planting host plant
species, 5) practicing conservation tillage, 6) creating brush piles, 7) using Integrated Pest
Management practices, 8) using targeted herbicides, and 9) adjusting pesticide application
timing. Studies have been undertaken in attempts to determine landholder attitudes toward
pollinator importance, willingness-to-pay for the pollination ecosystem service, and intentions
toward practices that may provide pollinator habitat (e.g., Ajao & Oladimeji, 2017; Breeze,
Bailey, Potts, & Balcombe, 2015; Garbach & Long, 2017; Munyuli, 2011; Williams et al., 2015);
however, based on available literature, a study on landholder adoption of pollinator BMPs using
DoI theory and TPB has not occurred. Thus, my dissertation provided two-fold contributions to
the fields of adoption research and pollinator conservation. First, through theoretical and
methodological contributions by developing and testing a pollinator BMP measurement
instrument to specifically investigate private landholder attributes influencing adoption
intentions. Second, through practical advances by addressing the knowledge deficiency of
pollinator BMP adoption in Mississippi and developing recommendations for targeted
educational and outreach efforts to promote further adoption diffusion of the practices.

4

1.2

Dissertation Goal, Objectives, and Hypotheses
The goal of my dissertation was two-fold. First, I sought to develop and test a pollinator

BMP measurement instrument that included attributes of purported importance consistent with
prior applications of TPB and DoI theory. Results were intended to provide an empirical
investigation of landholder attributes affecting adoption of various pollinator conservation
practices. Second, to bridge theoretical and practical aspects of pollinator conservation, I sought
to segment landholders using various landholder and landholding characteristics to develop
recommendations for future targeted educational and outreach efforts. Results were intended to
generate landholder typologies which organizations (e.g., The Xerces Society, USDA NRCS,
and State Extension agencies) could use to better address their clientele’s unique needs, resulting
in improved efficacy of pollinator BMP adoption efforts. To achieve this, I developed the
following four objectives and eleven hypotheses:
Objective #1: Design and test a measurement instrument used to study attributes affecting
landholder adoption of pollinator BMPs.
Objective #2: Use structural equation modeling to determine the interrelationships and
influence of the four TPB attributes (i.e., Attitudes, Injunctive Norms, Perceived Behavioral
Control, and Intentions).
H1:

Landholder attitudes differentiate between habitat and chemical pollinator BMPs.

H2:

Attitudes significantly and positively influences Intentions.

H3:

Injunctive Norms significantly and positively influences Intentions.

H4:

Perceived Behavioral Control significantly and positively influences Intentions.

H5:

Relative to the other TPB attributes, Perceived Behavioral Control has the
strongest influence on Intentions.
5

Objective #3: Investigate the impact of previous adoption behavior on intentions by
grouping respondents into behavioral categories (i.e., Current Adopters, Previous Adopters, and
Non-Adopters) and conducting multiple two-groups analyses to examine the interrelationships
for significant differences.
H6:

Attitudes significantly and positively influences each group’s Intentions.

H7:

Injunctive Norms significantly and positively influences each group’s Intentions.

H8:

Perceived Behavioral Control significantly and positively influences each group’s
Intentions.

H9:

Current Adopters have a relatively stronger significant influence of Attitudes on
Intentions than Previous Adopters.

H10:

Current Adopters have a relatively stronger significant influence of Attitudes on
Intentions than Non-Adopters.

H11:

Previous Adopters have a relatively stronger significant influence of Attitudes on
Intentions than Non-Adopters.

Objective #4: Use two-step clustering and classification heuristics to develop landholder
segmentations that generate distinct group differences for future targeted pollinator BMP
adoption educational and outreach efforts.
1.3

Organization of Dissertation
This dissertation is organized into three primarily standalone articles designed to address

each of these objectives and hypotheses, bookended by introductory and synthesis chapters. In
Chapter I, I provide background on the importance of pollinator conservation and the need to
better understand private landholders to improve efforts regarding pollinator BMP adoption. In
Chapter II, titled “Human Dimensions of Pollinator Conservation: The Development of Survey
6

Measures”, I address the development and testing of the measurement instrument and share
results regarding the influence of TPB attributes on landholders’ intentions to adopt pollinator
BMPs. In Chapter III, titled “Attributes Affecting Pollinator Conservation Practice Adoption: A
Structural Equation Modeling Approach”, I use landholders’ past adoption behavior to examine
group differences regarding landholder characteristics and TPB interrelationships. In Chapter IV,
titled “Improving Pollinator Conservation Practice Adoption: Recommendations Based on
Landholder Segmentation”, I develop landholder segmentations and recommendations for future
targeted educational and outreach efforts by using theoretical attributes and landholding
characteristics to generate distinct clusters and classifications. Finally, in Chapter V, I provide a
summary of my dissertation research through a synthesis of the standalone chapters. The
formatting of all chapters adheres to the guidelines of the 6th edition of the Publication Manual of
the American Psychological Society (VandenBos, 2010).
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CHAPTER II
HUMAN DIMENSIONS OF POLLINATOR CONSERVATION:
THE DEVELOPMENT OF SURVEY MEASURES
2.1

Abstract
The adoption of best management practices (BMPs) has been an ongoing area of research

in the field of environmental conservation for decades. One current research gap is the study of
human dimensions of pollinator conservation. My study was an empirical attempt to address the
gap of landholder adoption of pollinator conservation BMPs through two main objectives: 1)
developing and testing a landholder survey constructed of multiple measurement scales based on
the Theory of Planned Behavior (TPB), and 2) using structural equation modeling to determine
the interrelationships and influence of landholder TPB attributes on intentions to adopt pollinator
BMPs. A self-administered mail survey was sent to 4,000 Mississippi landholders during
summer 2018. Responses were reviewed for eligibility and completeness, resulting in an
effective response rate of 38.5%. The final usable response total was divided into two
subsamples to allow for exploratory and confirmatory testing of the measurement models.
Analyses of the two measurement models (i.e., habitat BMP model and chemical BMP model)
showed evidence of reliability and validity with both samples. The structural models were then
reviewed to determine the influence and significance of landholder attributes on intentions to
adopt pollinator BMPs. Each TPB attribute (e.g., Attitudes, Injunctive Norms, and Perceived
Behavioral Control) had a significant relationship to Intentions, with Perceived Behavioral
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Control having the strongest relative influence (habitat: γ = 0.55, t = 10.48; chemical: γ = 0.52, t
= 11.16). I concluded to better support landholder adoption of pollinator BMPs, targeted
approaches should be developed that address landholder constraints, including lack of resources,
skills, and time. Finally, I recommended further sociological research regarding adoption of
pollinator BMPs to better understand influences on adoption in various geographic regions.
2.2

Introduction
Pollinator conservation has recently become a topic of great interest and research around

the world. Pollinator species provide the ecosystem service of pollination assisting in
approximately 35% of global food production and more than 80% of the world’s flowering plant
diversity (Klein et al., 2007; Ollerton, Winfree, & Tarrant, 2011). Despite their beneficial impact,
native insect pollinator species face population declines resulting primarily from habitat loss and
increased chemical use (Kearns, Inouye, & Waser, 1998; Kremen, Williams, & Thorp, 2002;
Potts et al., 2010; Ricketts et al., 2008). Urban expansion and increased agricultural
intensification have resulted in greater homogenization of the landscape, contributing to the
decline of mutualistic pollinator and plant systems (Garibaldi, Requier, Rollin, & Andersson,
2017; Morandin, Long, & Kremen, 2016; Williams et al., 2015). With growing concerns
regarding food security and decreased biodiversity, people are attempting to find ways to
conserve native pollinators. Considerable attention has been devoted to the development of best
management practices (BMPs) and creation of funding opportunities in the United States (US) to
support pollinator conservation efforts on both public and private land (e.g., USDA FSA, 2017;
USDA FS, 2015). Pollinator conservation efforts to provide suitable foraging and nesting habitat
are crucial on private lands with over 60% of the lands in the US in private ownership (CRS,
2017; USDA, 2018). Although participatory and awareness opportunities have increased, a gap
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remains between pollinator conservation promotion and BMP adoption (Garbach & Long, 2017;
Morandin et al., 2016).
Most pollinator research has focused on biological and ecological components, including
pollinator importance in ecosystems, plant mutualisms and habitat requirements, and causes of
population decline (e.g., Allen-Wardell et al., 1998; Kearns et al., 1998; Losey & Vaughan,
2006). Additional aspects of potential consequences of pollinator decline have also been
investigated, including concerns of fitness and long-term persistence with reduced gene flow,
negative impacts on obligate plant species, and food security concerns (e.g., Kovács-Hostyánszki
et al., 2017; Potts et al., 2016; Sunderland, 2011). Furthermore, recent studies have touched on
the incorporation of pollinator habitat on private lands to provide myriad ecosystem benefits
(e.g., Garibaldi et al, 2014; Morandin et al., 2016; Wratten, Gillespie, Decourtye, Mader, &
Desneux, 2012). The culmination of these studies has allowed for the development of
recommendations for landholder action, including the grouping of BMPs into three main
categories: 1) establishment of forage habitat, 2) provision of nesting habitat, and 3) reduction of
chemical use. These practices provide continuous forage for pollinator nectar and pollen needs
and suitable nesting and larval host habitat for specialist species, while also promoting overall
ecological health through the reduced use of chemicals (Mader, Shepherd, Vaughan, Black, &
LeBuhn, 2011). The implementation of these practices will depend on the land type, size, and
management goal, requiring a process of individualization to fit landholder needs. Therefore,
with the largest impact for pollinator conservation likely resulting from private landholder
action, a sociological research focus is essential.
To explore dimensions of landholder conservation practice adoption, Diffusion of
Innovation (DoI) theory and the Theory of Planned Behavior (TPB) have been used in numerous
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research studies (see Rogers, 2003; Ajzen, 1991; Fishbein & Ajzen, 2015). Research focused on
landholder knowledge and awareness has shown the potential impact on intention and adoption
of certain conservation innovations (e.g., Bennett et al., 2017; Garbach & Long, 2017; Greiner,
2015). Attitudinal research has received considerable attention as several studies have shown a
positive correlation between a favorable attitude toward a wildlife species or conservation
practice and behavioral intentions toward a beneficial practice (e.g., Dayer, Stedman, Allred,
Rosenberg, & Fuller, 2016; Greiner, 2015; van Dijk, Lokhorst, Berendse, & de Snoo, 2015).
Nevertheless, inconsistent results from adoption research, including a lack of reliable factors that
influence BMP adoption, underscore the complexity of social and environmental systems
(Prokopy, Floress, Klotthor-Weinkauf, & Baumgart-Getz, 2008; Reimer et al., 2014). Further,
additional attributes may prove to be more important regarding pollinator BMP adoption, such as
constraints to using specific practices because of associated costs and required skills (Pannell et
al., 2006). Thus, a study addressing the influence of multiple landholder attributes on adoption of
pollinator BMPs is vital to further understanding and progress for pollinator conservation.
In this study, I sought to extend BMP adoption knowledge by addressing gaps in the
human dimensions of pollinator conservation. Specifically, I aimed to focus on active pollinator
BMPs that addressed the two primary reasons for decline of pollinator species, establishment of
habitat and reduction of chemical use. The purpose of this study was two-fold: 1) design and test
a measurement instrument used to study attributes affecting landholder adoption of pollinator
BMPs, and 2) use structural equation modeling to determine the interrelationships and influence
of the four TPB attributes (i.e., Attitudes, Injunctive Norms, Perceived Behavioral Control, and
Intentions). Based on previous research and a priori considerations, I developed five research
hypotheses for testing: H1) landholder attitudes differentiate between habitat and chemical
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pollinator BMPs, H2) Attitudes significantly and positively influences Intentions, H3) Injunctive
Norms significantly and positively influences Intentions, H4) Perceived Behavioral Control
significantly and positively influences Intentions, and H5) relative to the other TPB attributes,
Perceived Behavioral Control has the strongest influence on Intentions. It was necessary to
conduct this study first to determine evidence of reliability and validity of the measurement
instrument as I will use its associated constructs in further analyses in Chapters III and IV.
2.3
2.3.1

Methods
Study Population
The agricultural and forestry production-dominated state of Mississippi was chosen for

this study because of limited knowledge about landholders regarding pollinator conservation in
the Southeast, compared to primary research regions such as the Midwest, and the variety of land
use types. In Mississippi, roughly 90% of the land is privately-owned, with large sections in
timber and agricultural production (CRS, 2017; MSU, 2017; USDA, 2018). Using a Mississippi
tax record landowner database and the PROC SURVEYSELECT statement in SAS version 9.4, I
selected a simple random sample of 4,000 Mississippi landholders with landholdings greater than
or equal to 25 acres to receive the survey. The land size minimum of 25 acres was chosen
primarily based on the substantial impact of larger sections of contiguous land for providing
adequate pollinator foraging habitat. Additionally, it has been estimated that the average
cropland farm size in the US is roughly 250 acres with an increasing number of small farms (<
20 acres) (USDA ERS, 2017); therefore, the 25-acre minimum was believed to capture the
majority of those seeking to derive income from their cultivated land, while only reducing the
overall sample population to 87.6% of the total properties listed in the tax database. Each
landholder received a unique identifier to protect confidentiality of private records. All research
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protocols were approved by the Mississippi State University Institutional Review Board for the
Protection of Human Subjects prior to conducting the survey (Docket #-18-123; see Appendix A
for approved materials).
2.3.2

Questionnaire Development
To examine the differences of landholder attributes regarding adoption of pollinator

BMPs, I developed a questionnaire to assess numerous constructs related to the TPB and DoI
theory. This multifaceted measurement instrument was developed to cover multiple landholder
attributes and actual behaviors to better measure adoption per previous research
recommendations (e.g., Miller, 2017; Reimer et al., 2014). This study focused on the TPB
attributes as they were structurally modeled to determine influence on adoption intentions
(Figure 2.1). Thus, for the sake of brevity, only those attributes will be discussed moving
forward. See Chapter III for discussion of the DoI attributes. To relate the TPB indicators to the
nine pollinator BMPs, I developed nine indicators for each attribute construct (i.e., Attitudes,
Injunctive Norms, Perceived Behavioral Control, and Intentions; see Table 2.1).
Researching attitudes, normative pressures, and constraints in this study would provide
greater understanding of and potential opportunities for increasing pollinator BMP adoption
rates. Studies have repeatedly shown attitudes to have a substantial effect on support for land
management options on public and private lands (e.g., Fagan, Willcox, & Willcox, 2018; Floress
et al., 2017). In this study, I defined Attitudes as landholders’ favorable or unfavorable evaluation
of using pollinator BMPs on their property in the next year. Previous research has also indicated
the importance of social interaction and identity, from the influence of a group of individuals to
increase conservation action engagement through the use of social capital systems (i.e., norms,
values, reciprocity), to an individual’s desire to achieve pro-environmental status through
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impression management (i.e., revealing or concealing particular information to create a specific
impression, such as being eco-friendly) and conspicuous conservation behaviors (e.g.,
Griskevicius, Tybur, & Van den Bergh, 2010; Hargreaves, 2016; Niemiec, Ardoin, Brewer,
Kung, & Lopez, 2018). To address social influences, I included an Injunctive Norms construct
and defined it as landholders’ normative pressures created by perceptions of others’ beliefs that
the landholders should use pollinator BMPs on their property in the next year. The “others” used
for this construct included neighbors, those important to the landholders, and similar landholders.
Furthermore, prior work has shown constraints, such as an individual’s perceptions of behavioral
control related to their time, resources, and skills, to be influential on adoption behavior (e.g.,
Cary, Webb, & Barr, 2001; Pannell et al., 2006). Thus, I used the Perceived Behavioral Control
construct to determine potential adoption constraints faced by landholders. I defined this
constraint construct as landholders’ degree of belief that they have the skills, resources, and time
to use pollinator BMPs on their property in the next year. The dependent construct for this study
was Intentions. Although intentions do not guarantee action, responses were necessary to
determine which attributes are influencing the landholders’ decision making. I defined Intentions
as the landholders’ plan regarding adoption of pollinator BMPs on their property in the next year.
The simultaneous measurement of these constructs allowed for the determination of evidence of
their reliability, validity, and structural relationships while maintaining the theoretical foundation
purported by previous studies (e.g., Ajzen, 1991; Fishbein & Ajzen, 2015). Each construct had
multiple indicators measured with 5-point Likert scales with response format 1 = strongly
disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree (Table 2.1).
The initial questionnaire was reviewed by expert judges (i.e., six Mississippi State
University professors versed in survey research) for face and content validity and pretested with
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a small random sample of 50 Mississippi landholders in April 2018. Several modifications were
made to the questionnaire before the final instrument was disseminated in June 2018 including:
1) changing “landowner” to “landholder” as the cover letter specified the responses were
important whether they owned or leased the land, 2) changed length of ownership question from
“How did you come to own this property” to “How did you acquire this property”, 3) improved
the wording of the Attitudes question and indicators to lessen ambiguity by linking practices with
potential associated benefits, 4) added a table for additional landholdings to be listed if
respondent was using pollinator BMPs on other properties, 5) edited the question wording for the
Knowledge Stage Communication Channel (KSCC) and Persuasion Stage Communication
Channel (PSCC) DoI constructs to better learn what resources landholders use for information
about general property management practices rather than specific pollinator BMPs, 6) added
County Extension publications and Internet search engine indicators to the KSCC construct, 7)
added a Master Gardeners indicator to the PSCC construct, and 8) included additional
demographic questions such as income, education, and race and ethnicity. In addition to the
questionnaire, I developed and provided a leaflet with reference information for the landholder
including examples of insect pollinator types, nectar and host plant species, and information
about the nine pollinator BMPs selected for the study (Appendix A.4). The nine BMPs
encompassed six habitat practices (e.g., planting nectar species, using cover crops, creating field
borders, planting host plant species, creating brush piles, and using conservation tillage) and
three chemical practices (e.g., using Integrated Pest Management, using targeted herbicides, and
adjusting pesticide application timing).
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2.3.3

Survey Implementation and Response
I used Dillman’s (2000) Tailored Design Method for the dissemination of the finalized

survey to Mississippi landholders. The survey was initiated in June 2018 to avoid the majority of
planting and harvesting efforts for agricultural landholders in Mississippi. A cover letter,
questionnaire, and postage-paid Business Reply envelope (i.e., complete packet) was initially
sent (Day 1), followed by a postcard reminder one week later (Day 8). Second and third
complete packets were sent as necessary on Day 21 and Day 42 to non-respondents (Dillman,
2000). No incentives were used for this survey. Responses were accepted up to 90 days after the
initiation of the survey. Data were entered into a Microsoft Access database and double-checked
to avoid transcriptional error (Hunter & Schmidt, 1990).
A total of 1,429 Mississippi landholders responded to the survey. After correcting for
non-deliverables (n = 286), a 38.5% effective response rate was attained. I removed respondents
whom were non-eligibles (n = 505; e.g., those who were no longer managing or holding the
property (n = 109), were reported as deceased (n = 88), refused the survey (n = 231), or were
suspected of acquiescence or response set bias (n = 77)), resulting in a final usable total of 924
respondents. I used non-response techniques to identify potential non-response bias (Fisher,
1996) with known variables in the landholder database: 1) resident/non-resident, 2) rural/urban
county, and 3) land size in acres. All tests were non-significant (p > 0.05), indicating response
was not biased based on these variables.
2.3.4

Data Analysis
The data analysis for this study was two-fold: 1) use an exploratory approach to test for

evidence of reliability and validity of the measurement instrument, and 2) use a confirmatory
approach to confirm the evidence and investigate the structural relationships of the TPB
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attributes. Prior to conducting analyses, I addressed missing values using a regression imputation
in IBM SPSS Statistics version 26 (SPSS) based on prior research recommendations (Hair,
Black, Babin, & Anderson, 2009). Using SAS version 9.4, I randomly split the total sample into
two subsamples of 462 respondents each to allow for primary development and cross-checking
(DeVellis, 2012), with the first used as an exploratory sample (i.e., Sample 1) in initial
exploratory and confirmatory analyses and the second used as the confirmatory sample (i.e.,
Sample 2) in additional measurement and structural analyses. To view a demographic
comparison of total and split samples, see Appendix Table B.1.
I conducted reliability and exploratory factor analyses (EFA) in SPSS to analyze Sample
1’s data for evidence of reliability and validity. Reliability analyses included a review of
Cronbach’s alpha (α), inter-item and item-total correlations, and squared multiple correlations.
For validity and dimensionality, I conducted a dimension reduction factor analysis using a
principal axis factoring extraction based on eigenvalues greater than 1.00 and a Varimax rotation
as a rigorous test of the items maximizing loading variance to produce a simple loading pattern
and facilitate factor interpretability (DeVellis, 2012; Netemeyer, Bearden, & Sharma, 2003). I
then used Sample 1 to conduct a confirmatory factor analysis (CFA) in IBM SPSS AMOS
version 25 (AMOS) to test the measurement model before using Sample 2 in further analyses.
I used the measurement model to further test reliability and validity of the measures. I
calculated a composite reliability for each construct to test construct reliability (Hair, Ringle, &
Sarstedt, 2011). To test validity, I calculated construct average variance extracted (AVE) values
to determine if they met the 0.50 threshold for convergent validity, and shared variance values to
conclude if there was evidence of discriminant validity (Fornell & Larcker, 1981; Hair et al.,
2011). Per previous research recommendations, I reviewed multiple model fit statistics to
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determine initial fit to avoid incorrect interpretation based solely on reviewing the chi-square
statistic as it is sample size sensitive (Bagozzi & Yi, 2012; Chin, Peterson, & Brown, 2008;
Garver & Mentzer, 1999). Additional fit indices included the root mean square residual (RMR),
which represents the square root of the average squared residuals; the root mean square error of
approximation (RMSEA), which represents per degree of freedom the amount of estimated and
observed covariance matrices discrepancies; the comparative fit index (CFI), which represents
how well the proposed model fits the data compared to a null model; and the Tucker and Lewis
index (TLI), which both penalizes models for complexity and rewards for parsimony (Bagozzi &
Yi, 2012; Garver & Mentzer, 1999). Cutoff values for model fit acceptability are difficult to
designate and have varied, with many researchers referring to conventional rules of thumb (Hu &
Bentler, 1999). For this study, the models would have acceptable fit with cutoff values less than
or equal to 0.08 for RMR and 0.10 for RMSEA, and greater than or equal to 0.90 for CFI and
TLI, with more stringent values closer to 0.06 (RMSEA) and 0.95 (CFI & TLI) preferred based
on previous recommendations (Hu & Bentler, 1999; Netemeyer et al., 2003). Measurement
model modification indices were also reviewed to indicate potential model improvements. To
avoid capitalizing on chance (Bagozzi & Yi, 2012), no model edits were made after moving
forward to test the measurement and structural models with Sample 2.
As the data were collected at one time, I assessed common method bias to determine if
there was an inflation of correlations between dependent and independent variables (Podsakoff,
MacKenzie, Lee, & Podsakoff, 2003). I performed a measurement model analysis using an
unmeasured latent construct with paths to each measurement indicator from Attitudes, Injunctive
Norms, Perceived Behavioral Control, and Intentions. I examined chi-square values between this
model and the original to determine if the difference was significant (i.e., χ2 / 1df ≥ 3.84;
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Podsakoff et al., 2003). I also performed an invariance test to ensure response differences were
not entirely the result of survey variance (Steenkamp & Baumgartner, 1998). For the structural
model, I performed model fit analyses to determine fit and reviewed structural relationships to
test the hypothesized relationships.
2.4

Results
Sample 1’s data showed initial evidence of reliability for each construct (i.e., each

Cronbach’s α > 0.89). The EFA revealed unidimensionality for the Perceived Behavioral
Control and Intentions constructs. It also showed two dimensions underlying the Attitudes
construct, with one factor containing the habitat pollinator BMP indicators and one factor
containing the chemical indicators, supporting Hypothesis 1. However, the IPM indicator split
between the two factors and loaded more highly on the habitat factor. Additional statistical
review of this indicator resulted in it being dropped from the Attitudes construct in further
analysis. The Injunctive Norms construct also showed respondent differentiation and two
underlying factors; thus, the habitat and chemical indicators were further analyzed and modeled
separately to isolate their effects in the structural relationships (Appendix Table B.3). One of the
habitat indicators (i.e., creation of brush piles) was dropped from each construct as it failed to
meet respective statistical thresholds.
Sample 1’s CFA for the habitat model showed all indicators loading on their respective
underlying constructs. A higher correlation value was observed between two habitat indicators
related to planting (i.e., planting nectar species and planting host plant species; r = 0.68); thus,
the latter was dropped from further analysis because of potential redundancy (Clark & Watson,
1995). Modification indices indicated valid opportunities for model improvement, with which
acceptable model fit was obtained. The chi-square statistic was significant (χ2 = 388.216, df = 93,
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p < 0.001); however, because this statistic is sample size sensitive, I reviewed additional fit
indices (Bagozzi & Yi, 2012). The model was determined to have acceptable fit with a review of
RMR (0.04), RMSEA (0.08), CFI (0.94), and TLI (0.93). Sample 1’s CFA for the chemical
model also showed all indicators loading on their respective constructs and there were no valid
modification indices suggestions. The chi-square statistic was also significant (χ2 = 193.47, df =
38, p < 0.001); however, acceptable model fit was determined based on RMR (0.04), RMSEA
(0.09), CFI (0.96), and TLI (0.94). The habitat and chemical measurement models were analyzed
again with Sample 2 before moving into the structural models.
Sample 2’s CFAs for both the habitat and chemical models showed evidence of reliability
and all indicators loaded on their respective underlying constructs. To view the list of indicators,
loadings, and reliabilities, see Table 2.2 for the habitat model and Table 2.3 for the chemical
model. For each model’s construct means, correlations, and AVEs, see Table 2.4. Each construct
AVE exceeded 0.50, providing evidence of convergent validity (Table 2.4; Hair et al., 2011).
Discriminant validity was supported as no shared variance between constructs exceeded the
individual construct AVEs (Fornell & Larcker, 1981; Hair et al., 2011). Both measurement
models had at least acceptable fit based on several fit indices. For the habitat model, the chisquare statistic was significant (χ2 = 477.55, df = 93, p < 0.001), yet model fit was deemed
acceptable with a review of RMR (0.04), RMSEA (0.09), CFI (0.92), and TLI (0.90). For the
chemical model, the chi-square statistic was also significant (χ2 = 126.58, df = 38, p < 0.001);
again, likely the result of sample size sensitivity. Good model fit was determined based on RMR
(0.03), RMSEA (0.07), CFI (0.98), and TLI (0.97). Common method bias was not a substantial
concern for either model (habitat: χ2 / 1df = 0; chemical: χ2 / 1df = 3.03). Finally, the invariance
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test between males and females confirmed configural and at least partial metric invariance for
both models (habitat: df = 12, χ2 = 20.49, p = 0.058; chemical: df = 6, χ2 = 8.18, p = 0.225).
The structural analysis results showed both models fit the data relatively well (habitat: χ2
= 477.55, df = 93, p < 0.001, RMR = 0.04, RMSEA = 0.09, CFI = 0.92, TLI = 0.90; chemical: χ2
= 126.58, df = 38, p < 0.001, RMR = 0.03, RMSEA = 0.07, CFI = 0.98, TLI = 0.97). After
establishing model fit, I reviewed the hypothesized relationships. For both models, the
hypothesized relationships were found to be significant and supported (Table 2.5). Attitudes was
significantly and positively related to Intentions (Hypothesis 2), as was Injunctive Norms
(Hypothesis 3) and Perceived Behavior Control (Hypothesis 4). Relative to the other constructs,
Perceived Behavioral Control had the strongest relationship to Intentions (habitat: γ = 0.55;
chemical: γ = 0.52; Hypothesis 5). To view the full details of the standardized estimates and t
values of the two models, see Table 2.5. Although the Attitudes standardized estimates were the
same between the habitat and chemical models, the Injunctive Norms standardized estimate was
slightly higher for the chemical than for the habitat model (habitat: γ = 0.20; chemical: γ = 0.22)
and the Perceived Behavioral Control standardized estimate was slightly lower as previously
reported (Figures 2.2 and 2.3). I used McQuitty’s (2004) criteria for statistical power calculations
and found the power of the model to be > 0.99, providing adequate support of my results.
Additionally, I calculated effect sizes for the effect of previous adoption behavior on habitat
Intentions (t(460) = 6.564, p < .001, Cohen’s d = .628) and chemical Intentions (t(460) = 5.730,
p < .001, Cohen’s d = 0.554). These results indicated previous adoption behavior has at least a
medium effect (Cohen, 1988); thus, differences in BMP adoption intentions would be apparent
when comparing those who have and have not previously adopted pollinator BMPs.
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2.5

Discussion
When attempting to increase the impact of conservation efforts, one must go beyond

consideration of the species or habitat of concern and incorporate sociological aspects into the
effort. Adoption research among private landholders is an integral part of the conservation
puzzle. Numerous studies have shown how landholder characteristics influence intentions to
adopt various practices (e.g., Dayer et al., 2016; Dunn et al., 2016; Pannell et al., 2006),
emphasizing the importance of not promoting BMPs with a one-size-fits-all-landholders
approach. More recent studies have begun to incorporate human dimension aspects into
pollinator conservation research by studying landholder attitudes toward pollinator importance,
willingness-to-pay for the pollination ecosystem service, and intentions toward practices that
may provide pollinator habitat in the US and elsewhere (e.g., Breeze, Bailey, Potts, & Balcombe,
2015; Garbach & Long, 2017; Munyuli, 2011). Although the research efforts have been vital, a
gap remains regarding how certain landholder attributes influence intentions to adopt specific
pollinator BMPs. My study was an empirical attempt to address this gap by developing and
testing a measurement instrument that can be used to survey and understand landholder attitudes,
normative pressures, and constraints to adopting pollinator BMPs.
An adequate number of responses allowed for the testing and retesting of the
measurement model to reduce the indicator pool and improve model fit. The tests showed
evidence of reliability and validity allowing for the interpretation of structural relationships.
Consistent with previous research, three of the TPB attributes were shown to have significant
influence on Intentions, indicating favorable attitudes toward practices, presence of normative
pressures, and positive perceptions of one’s behavioral control all positively influence a
landholder’s intention to adopt pollinator BMPs. Although a large component of adoption
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research has been focused on individuals’ attitudes as they have been believed to be the strongest
predictor of behavioral intentions, my study showed Perceived Behavioral Control to have the
strongest relative influence on Intentions. This indicates perceptions of constraints, such as time,
resources, and skills, may be a stronger predictor of an individual’s decision to adopt pollinator
BMPs than either having a favorable or unfavorable attitude toward the BMPs or feeling
normative pressures from others to adopt. Furthermore, the strength of the structural
relationships indicated normative pressures may have more influence on intentions to adopt
chemical than habitat BMPs. These findings indicate to increase intentions to adopt pollinator
BMPs overall, it will be important to consider more than just landholders’ attitudes in future
pollinator BMP adoption research.
Pollinator conservation has become a buzz phrase over the past decade as non-profit
organizations and federal agencies have increased efforts to spread awareness and encourage
involvement. Individuals may have become more aware of the pollinator plight and have
favorable attitudes toward pollinators and pollinator BMPs, but they still may not feel they have
the skills, resources, or time to adopt such practices. The results of my study indicate for habitat
and chemical BMPs, landholders would be better supported in adopting pollinator BMPs if they
felt more empowered to take the actionable steps necessary to implement the practices. Increased
empowerment could be attained from more access to workshops or demonstration areas using
these practices to build landholder knowledge, skills, and awareness of the time required for the
practices. Additionally, increased awareness of and connections to funding opportunities to
support these practices on their land would benefit landholders. Understanding what practices are
feasible and compatible for a landholder is also essential. For example, none of the top five
agricultural enterprises for Mississippi (i.e., poultry and eggs, forestry, soybeans, cotton, and
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corn; MDAC, 2019) require the ecosystem service of animal-mediated pollination; therefore,
outreach approaches encouraging landholders to plant pollinator foraging habitat to promote
cross-pollination of their crops will likely be ineffective. However, if a landholder had a
favorable attitude toward pollinator habitat on their land for improving the health of the property,
yet they are lacking knowledge or skills to implement BMPs, an effective approach could be
developed. This type of targeted messaging approach has the potential to improve conservation
practice adoption and has been suggested by previous research (e.g., Floress et al., 2018;
Morrison, Durante, Greig, Ward, & Oczkowski, 2012; Pannell et al., 2006).
This study also showed the importance of distinguishing between habitat and chemical
practices when researching attitudes and normative pressures. Landholders may have an overall
favorable or unfavorable attitude toward pollinator conservation, but understanding their
differentiation of the practices is crucial. The stigma surrounding the use of chemicals has been
growing with the impetus to improve environmental quality and use non-GMO crops. To this
end, I found landholders differentiated between habitat and chemical indicators regarding the
attitudinal and normative constructs. This finding indicates normative pressures may have more
influence on intentions to adopt chemical practices than habitat practices. Thus, the promotional
effectiveness of pollinator BMPs may vary on the type of practice and the landholder’s
antecedent belief associations. An unanticipated finding of this study was the performance of the
IPM indicators. Prior to the study, I predicted the IPM indicators would group with the chemical
indicators because this practice seeks to reduce chemical use by using more targeted
management approaches. However, this indicator split between the habitat and chemical factors
in the Attitudes construct, loading more highly on the former. This split may have occurred
because this practice includes a habitat component, as one of the IPM action steps is the
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identification and monitoring of pests on a property. More research is needed to determine the
proper factor grouping of this item.
There were four potential limitations of this study. First, I attempted to cover nine
pollinator BMPs across several constructs, which resulted in similarities of indicator wording. To
meet Fishbein and Ajzen’s (2015) suggestion of indicators including the action, target, context,
and time, the wording was kept as simple and similar as possible for the respondent. However,
this wording may have influenced correlations and model fit. Future research could involve the
development of more heterogeneous indicators. A few examples for the habitat model would be:
“I have the equipment I need to create field borders if I wanted to” (Perceived Behavioral
Control), “My neighbors think I should practice conservation tillage on my property” (Injunctive
Norms), and “Within the next year, I plan to use cover crops on my property” (Intentions).
Additionally, the final chemical model had only two indicators for Attitudes, three for Injunctive
Norms, three for Perceived Behavioral Control, and three for Intentions, leaving little room for
model improvement. Creation of additional indicators would be beneficial to further explore this
dimension, including: “I have the time in my schedule to change when I apply pesticides on my
property” (Perceived Behavioral Control), “Landholders like me think I should avoid using
broad-spectrum herbicides” (Injunctive Norms), “I will monitor for pests within the next year so
I can reduce my chemical use” (Intentions). One final consideration regarding indicator wording
regards the Attitudes construct. It could be argued that the indicators reflected more of the
behavioral beliefs than the favorable or unfavorable evaluation of the BMPs as they related to
potential outcomes. To avoid this potential ambiguity in the future, semantic differential scales
could be used for future indicators with instrumental (“good-bad”, “harmful-beneficial”) or
experiential (“enjoyable-unenjoyable”, “ugly-beautiful”) adjective pairs (see Fishbein & Ajzen,
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2015). For example, future studies could use a “good-bad” scale with “My planting of nectar
species on this property in the next year would be…”, or use an “ugly-beautiful” scale with
“Creating field borders on my property would make it…”.
Second, the pollinator BMPs in this study were not all-inclusive and were active rather
than passive practices. For instance, reducing mowing frequency can be beneficial to pollinator
species, yet it is a more passive practice (i.e., the landholder actually has to do less or nothing at
all). I did not specifically ask landholders if fields were left fallow or if they let wildflowers
grow, although many reported they did. These types of passive practices are beneficial and their
inclusion would further habitat quantity estimations if we knew where they were being used on
the landscape and at what scale. Future research could address this by incorporating both active
and passive pollinator BMPs in the measurement instrument to develop a better understanding of
landholder support, or allowance, of pollinator foraging and nesting habitat on their properties.
Third, to address the relationships of the attributes, it was important to focus the
landholder’s responses to one property; however, this grounding of attitudes, normative
pressures, constraints, and intentions meant I could not generalize their attributes beyond this
specific property. Though the landholder may have owned multiple properties, I needed them to
answer regarding the property about which I had information from the tax records. Recognizing
this grounding and potential limitation, I did ask if the landholders were using pollinator BMPs
on any of their other landholdings and requested information about those properties. Future
research should address how to more adequately obtain further information about the
landholders’ attributes affecting adoption as a whole without further burdening the respondent.
Finally, although my results did provide evidence of reliability and validity, it was only
one study. Further research is needed to continually test these indicators and potentially develop
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new ones to strengthen the findings. Additionally, it would be useful to test this measurement
instrument in various geographic locations, especially with landholders whom more directly
depend on the animal-mediated pollination ecosystem service, as it would allow opportunities to
examine metric invariance across different groups of individuals. Furthermore, an important
consideration for future research would be to use records that have additional demographic
information, such as gender, race, and age, to conduct further non-response bias checks. My nonresponse method indicated it was not necessary to weight my data; however, even if it was
necessitated, the use of weighted data in current statistical tests used in exploratory and
confirmatory factor analyses (e.g., the focus of this paper) is problematic. Researchers are
developing methods to better address these issues (J. Collier, personal communication, April 30,
2019). In a recent article regarding declining survey response rates, researchers suggested it is
crucial to both acknowledge the potential problems associated with low response rates and
understand the respondent engagement (Stedman, Connelly, Heberlein, Decker, & Allred, 2019).
In other words, are respondents those individuals in a population most interested in and involved
with the topic? If so, the researcher should take care in interpreting the findings. Thus, having
additional demographic information and conducting follow-up phone interviews with nonrespondents to determine the cause of their lack of response will help support the generalizability
of results in future studies.
My study was the first of its kind to look specifically at the influence of TPB attributes on
pollinator BMP adoption intentions among private landholders. I aimed to address the gap of
sociological research in pollinator conservation by understanding landholders’ attitudes toward,
normative pressures of, and constraints to adopting habitat and chemical practices on their
property. My study provided the development and testing of a measurement instrument that can
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be used and improved upon in future research, further incorporating human dimension aspects
into pollinator conservation knowledge and efforts. The finding of Perceived Behavioral Control
having the strongest relative influence on Intentions suggests the efficacy of pollinator
conservation efforts would be improved with more targeted support for landholders. To further
increase habitat establishment and chemical reduction on private lands, we must better
understand landholders. This will become more imperative as landholder generations and
motivations continue to change. With the majority of US lands in private ownership, the future
of pollinator conservation efforts is inextricably linked to understanding the vast wellspring of
potential participants. More human dimensions research is needed to increase understanding and
engagement, consequently bridging the colloquial research and Extension gap for the betterment
of pollinator species and their habitat.
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Table 2.1

Initial List of Theory of Planned Behavior Indicators Grouped by Constructs.

Constructs

Attitudes
Please indicate the extent to
which you agree or disagree
with each of the following
statements regarding
pollinator habitat on this
property:

Perceived Behavioral
Control
Please indicate the extent to
which you agree or disagree
with each of the following
statements, ending each
statement with "… on this
property in the next year":

Injunctive Norms
Please indicate the extent to
which you agree or disagree
with each of the following
statements, ending each
statement with "… property
in the next year":

Indicators
(Q8a) I think planting nectar species on this property would improve the
health of the property
(Q8b) I think creating field borders on this property would be beneficial
for wildlife
(Q8c) I think using cover crops on this property would help reduce
negative impacts on the environment
(Q8d) I think planting host plant species on this property would improve
the health of the property
(Q8e) I think practicing conservation tillage on this property would help
reduce negative impacts on the environment
(Q8f) I think creating brush piles on this property would be beneficial for
wildlife
(Q8g) I think using IPM practices on this property would improve the
health of the property
(Q8h) I think using targeted herbicides on this property would help
reduce negative impacts on the environment
(Q8i) I think adjusting pesticide application timing on this property
would be beneficial for wildlife
(Q9a) I have the skills needed to plant nectar species
(Q9b) I have the resources to use cover crops
(Q9c) I have the time to create field borders
(Q9d) It would be easy for me to create brush piles
(Q9e) I have the resources to practice conservation tillage
(Q9f) I have the time to plant host plant species
(Q9g) I have the skills needed to use IPM practices
(Q9h) I have the resources to use targeted herbicides
(Q9i) I have the time to adjust pesticide application timing
(Q10a) My neighbors think I should establish forage habitat on this
(Q10b) Those important to me think I should establish forage habitat on
this
(Q10c) Landholders like me think I should establish forage habitat on
this
(Q10d) My neighbors think I should provide nesting habitat on this
(Q10e) Those important to me think I should provide nesting habitat on
this
(Q10f) Landholders like me think I should provide nesting habitat on this
(Q10g) My neighbors think I should reduce my chemical use on this
(Q10h) Those important to me think I should reduce my chemical use on
this
(Q10i) Landholders like me think I should reduce my chemical use on
this
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Table 2.1 (continued)
Constructs
Intentions
Please indicate the extent to
which you agree or disagree
with each of the following
statements, ending each
statement with "… in the
next year":

Indicators
(Q11a) I will plant nectar species on this property
(Q11b) I will use cover crops on this property
(Q11c) I will create field borders on this property
(Q11d) I will plant host plant species on this property
(Q11e) I will practice conservation tillage on this property
(Q11f) I will create brush piles on this property
(Q11g) I will use IPM practices on this property
(Q11h) I will use targeted herbicides on this property
(Q11i) I will adjust pesticide application timing on this property

Note: IPM = Integrated Pest Management; Measured using 5-point Likert scales with response format: 1 = strongly
disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree.
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Table 2.2

Confirmatory Factor and Reliability Analyses for Habitat Indicators.
Standardized
Factor Loading

t value

0.73

**

0.75

13.42

0.74

13.32

0.63

10.33

0.77
0.83
0.80
0.71

**
17.45
16.92
14.55

-Those important to me think I should establish forage habitat on this
-Landholders like me think I should establish forage habitat on this
-My neighbors think I should provide nesting habitat on this
-Those important to me think I should provide nesting habitat on this

0.96
0.84
0.71
0.82

**
20.96
14.02
15.95

Intentions (C.R. = 0.90)
Please indicate the extent to which you agree or disagree with each of the
following statements, ending each statement with "… in the next year":
-I will plant nectar species on this property
-I will use cover crops on this property
-I will create field borders on this property
-I will practice conservation tillage on this property

0.78
0.90
0.83
0.82

**
21.64
19.56
19.20

Constructs
Attitudes (C.R. = 0.80)
Please indicate the extent to which you agree or disagree with each of the
following statements regarding pollinator habitat on this property:
-I think planting nectar species on this property would improve the health
of the property
-I think creating field borders on this property would be beneficial for
wildlife
-I think using cover crops on this property would help reduce negative
impacts on the environment
-I think practicing conservation tillage on this property would help reduce
negative impacts on the environment
Perceived Behavioral Control (C.R. = 0.86)
Please indicate the extent to which you agree or disagree with each of the
following statements, ending each statement with "… on this property in
the next year":
-I have the skills needed to plant nectar species
-I have the resources to use cover crops
-I have the time to create field borders
-I have the resources to practice conservation tillage
Injunctive Norms (C.R. = 0.90)
Please indicate the extent to which you agree or disagree with each of the
following statements, ending each statement with "… property in the next
year":

Note: Model Fit Statistics: χ2 = 477.55; df = 93; CFI = 0.92, TLI = 0.90, RMR = 0.04, RMSEA = 0.09; ** = Items
constrained for identification purposes; C.R. = composite reliability; CFI = comparative fit index; TLI = TuckerLewis index; RMR = root mean square residual; RMSEA = root mean square error of approximation.
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Table 2.3

Confirmatory Factor and Reliability Analyses for Chemical Indicators.
Standardized
Factor Loading

t value

0.77

**

0.98

11.39

-I have the skills needed to use IPM practices
-I have the resources to use targeted herbicides
-I have the time to adjust pesticide application timing

0.80
0.91
0.89

**
22.28
21.84

Injunctive Norms (C.R. = 0.93)
Please indicate the extent to which you agree or disagree with each of the
following statements, ending each statement with "… property in the next
year":
-My neighbors think I should reduce my chemical use on this
-Those important to me think I should reduce my chemical use on this
-Landholders like me think I should reduce my chemical use on this

0.88
0.96
0.86

**
29.51
25.20

Intentions (C.R. = 0.92)
Please indicate the extent to which you agree or disagree with each of the
following statements, ending each statement with "… in the next year":
-I will use IPM practices on this property
-I will use targeted herbicides on this property
-I will adjust pesticide application timing on this property

0.82
0.91
0.96

**
24.77
26.18

Constructs
Attitudes (C.R. = 0.87)
Please indicate the extent to which you agree or disagree with each of the
following statements regarding pollinator habitat on this property:
-I think using targeted herbicides on this property would help reduce
negative impacts on the environment
-I think adjusting pesticide application timing on this property would be
beneficial for wildlife
Perceived Behavioral Control (C.R. = 0.90)
Please indicate the extent to which you agree or disagree with each of the
following statements, ending each statement with "… on this property in
the next year":

Note: Model Fit Statistics: χ2 = 477.55; df = 93; CFI = 0.92, TLI = 0.90, RMR = 0.04, RMSEA = 0.09; ** = Items
constrained for identification purposes; IPM = Integrated Pest Management; C.R. = composite reliability; CFI =
comparative fit index; TLI = Tucker-Lewis index; RMR = root mean square residual; RMSEA = root mean square
error of approximation.
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Table 2.4

Correlations, Means, Standard Deviations, and Average Variance Extracted for the
Habitat and Chemical Models.

Construct
Habitat Model
1. Attitudes
2. Perceived Behavioral Control
3. Injunctive Norms
4. Intentions
Chemical Model
1. Attitudes
2. Perceived Behavioral Control
3. Injunctive Norms
4. Intentions

Mean (SD)

AVE

3.60 (0.69)
2.79 (0.95)
2.84 (0.75)
2.83 (0.88)

0.51
0.61
0.70
0.70

Intercorrelation of constructs
1
2
3
4
1.00
0.35
1.00
0.33
0.35
1.00
0.49
0.65
0.47
1.00

3.53 (0.77)
2.68 (0.95)
2.60 (0.83)
2.83 (0.89)

0.78
0.76
0.81
0.80

1.00
0.29
0.13
0.41

1.00
0.13
0.59

1.00
0.32

1.00

Note: SD = standard deviation; AVE = average variance extracted.

Table 2.5

Structural Model Results for the Habitat and Chemical Models.

Hypothesized Relationships

Habitat
Standardized
Estimates
(t values)

Chemical
Standardized
Estimates
(t values)

Hypothesis
Supported

H2: Attitudes significantly and positively
influences Intentions

0.25 (5.39)

0.25 (6.25)

Supported

H3: Injunctive Norms significantly and
positively influences Intentions

0.20 (4.78)

0.22 (5.77)

Supported

H4: Perceived Behavior Control
significantly and positively influences
Intentions

0.55 (10.48)

0.52 (11.16)

Supported

Habitat

Chemical

0.66

0.52

Squared Multiple Correlation
Intentions
Model Fit Statistics

Habitat: χ2 = 477.55, df = 93, p < 0.001, CFI = 0.92, TLI = 0.90, RMR = 0.04, RMSEA = 0.09
Chemical: χ2 = 126.58, df = 38, p < 0.001, CFI = 0.98, TLI = 0.97, RMR = 0.03, RMSEA = 0.07
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Figure 2.1

Conceptual Framework and Hypothesized Relationships for Intentions to Adopt
Pollinator Best Management Practices.

37

Figure 2.2

Full Structural Habitat Model with the Standardized Estimates for the
Hypothesized Relationships.

Note: ATT = Attitudes, PBC = Perceived Behavioral Control, IN = Injunctive Norms, INT = Intentions.
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Figure 2.3

Full Structural Chemical Model with the Standardized Estimates for the
Hypothesized Relationships.

Note: ATT = Attitudes, PBC = Perceived Behavioral Control, IN = Injunctive Norms, INT = Intentions.
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CHAPTER III
ATTRIBUTES AFFECTING POLLINATOR CONSERVATION PRACTICE ADOPTION:
A STRUCTURAL EQUATION MODELING APPROACH
3.1

Abstract
Recent efforts in conservation practice adoption research have shown the value of

integrating additional sociological variables to explain more variance in landholder intentions
and actual behavior. Research of pollinator best management practice (BMP) adoption is a prime
candidate for this type of integration to better understand what attributes are influencing
landholders’ decision to adopt or not adopt BMPs, and how their characteristics compare across
adopter types. In this study, I integrated components from the Theory of Planned Behavior and
Diffusion of Innovation theory to investigate the primary significant influences on landholders’
adoption intentions across three adopter groups: 1) Current Adopters, 2) Previous Adopters, and
3) Non-Adopters. I found significant group differences of influence on Intentions across two
BMP models, with Current Adopters primarily influenced by Attitudes (habitat: γ = 0.47;
chemical: γ = 0.51), Previous Adopters primarily influenced by Perceived Behavioral Control
(habitat: γ = 0.56; chemical: γ = 0.61), and Non-Adopters primarily influenced by both Perceived
Behavioral Control (habitat: γ = 0.44) and Injunctive Norms (chemical: γ = 0.38). The results
regarding group comparison of landholder knowledge and communication channel use were
consistent with previous adoption research claims that knowledge and connectedness are higher
for early adopters (i.e., Current Adopters) than laggards (i.e., Non-Adopters). Based on the
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results, I recommended the continued development of survey measures and rigorous testing of
the models, and future investigation into the roles of adoption discontinuance and landholder
type on pollinator BMP adoption decisions.
3.2

Introduction
Over the past several decades, researchers in the conservation field have focused

extensive efforts on studying social science aspects of conservation practices, recognizing
practice adoption is as dependent on people as on the biological and ecological underpinnings of
the ecosystem or species of concern (see Armitage et al. 2009; Bennett et al., 2017; Mascia et al.,
2003; Pretty & Smith, 2004). Conservation practices are often studied in isolation and are
defined by their field of application, including soil, water, energy, or pollinator health. For
instance, a soil conservation practice may have a different definition and application than an
energy conservation practice, but they share the core purpose of environmental amelioration.
Conservation practices are often grouped into general target categories, subsequently becoming
more specific with the definition of the practice. In pollinator conservation, there are three main
conservation target categories that are promoted: 1) forage habitat establishment, 2) nesting
habitat provision, and 3) chemical use reduction. Within each general category there can be
several specific conservation practices including planting of cover crops, practicing conservation
tillage, and using Integrated Pest Management (IPM) strategies, all of which specifically benefit
pollinators through improve habitat quantity and quality (see Mader, Shepherd, Vaughan, Black,
& LeBuhn, 2011). The benefit of having multiple conservation practices is the greater
applicability to numerous landscapes, allowing for increased promotion of conservation adoption
among private landholders. The continued use of these practices over time allows for the pursuit
and intended achievement of the improved pollinator habitat conservation goal. Researching the
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social aspects of conservation practices by studying their adoption process can build
understanding regarding practice diffusion or identify potential constraints to adoption (Rogers,
2003).
Previous conservation practice research has mainly focused on the abiotic factors of
water and soil and the adoption of their associated best management practices (BMPs) among
agricultural landholders (e.g., Arbuckle & Roesch-McNally, 2015; Ervin & Ervin, 1982; Floress
et al., 2017; Pannell et al., 2006). This focus has been warranted, as the quality and quantity of
these factors are essential for all ecosystems and living processes. For example, degraded water
and soil quality may reduce the quantity, quality, and diversity of flowering plants, thus
negatively affecting pollinator species (Hoover et al., 2012; van der Sluijs & Vaage, 2016). The
Diffusion of Innovation Theory (DoI; Rogers, 2003) and the Theory of Planned Behavior (TPB;
Ajzen, 1991) have been used individually and partially integrated in myriad studies to determine
influences on the diffusion of conservation practices and intentions to adopt these behaviors,
especially among agricultural landholders. Previous reviews of conservation practice adoption,
including studies focused on water and soil BMPs, found many common determinants of
adoption, such as attitudes, environmental awareness, and farm characteristics; however, there is
a lack of consistent factors that explain adoption (see Knowler & Bradshaw, 2007; Prokopy,
Floress, Klotthor-Weinkauf, & Baumgart-Getz, 2008). In an extension of these works, a more
recent review found a shift in research focus to the importance of risk aversion, BMP
characteristics, and influence of social norms on agricultural landholders’ decision making (see
Liu, Bruins, & Heberling, 2018). This shift in focus on landholder and BMP characteristics
paired with an amplified focus on the essential role of private landholders in pollinator
conservation has been reflected in more recent pollinator research. For example, studies with
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social and economic components have recently gained more traction, such as perceptions of
pollinator importance, the economics of pollination, and the adoption of beneficial habitat
practices, such as field border and hedgerow creation (e.g., Breeze, Bailey, Potts, & Balcombe,
2015; Garbach & Long, 2017; Hanes, Collum, Hoshide, & Asare, 2015; Losey & Vaughan,
2006; Morandin & Kremen, 2013; Munyuli, 2011). These studies have been beneficial in
understanding landholders and determining potential constraints in the adoption diffusion
process.
After succeeding the Theory of Reasoned Action (TRA), TPB has more recently further
developed into the Reasoned Action Approach (RAA) to include additional, potential predictors
of intentions such as actual control, behavioral, normative, and control beliefs, and antecedent
background factors (Fishbein & Ajzen, 2015). These background factors include individual,
social, and informational aspects such as past behavior, education, and knowledge, respectively.
These factors are also considered in DoI theory and suggest the importance of developing a
greater understanding of adopters and non-adopters of conservation practices. Researchers have
begun to integrate DoI and TPB or RAA factors to deepen understanding and to improve
educational and outreach efforts regarding conservation practices. Specifically, with the aim of
increasing conservation practice adoption, some studies have shown the importance of focusing
on salient attitudes that are related to explicit practices with targets and context, on the trialability
and complexity of a practice, and on farmers’ risk perceptions (e.g., Arbuckle & RoeschMcNally, 2015; Reimer, Weinkauf, & Prokopy, 2012). There has also been increasing effort in
investigating the role of past behavior influence on behavioral intentions, although more research
is needed to determine potential causal mechanisms for its effect on intentions (e.g., Dayer,
Stedman, Allred, Rosenberg, & Fuller, 2016; Fishbein & Ajzen, 2015). Nevertheless, a
49

knowledge-attitude-practice gap still exists beyond these primary focus areas of agricultural
conservation practices, as minimal research has been conducted regarding the adoption of
pollinator BMPs among private landholders. Furthermore, the incorporation of past behavior as a
model grouping variable may provide valuable information as to potential differences in TPB
attribute influence on intentions to adopt pollinator BMPs.
With this study, I aimed to contribute to conservation practice adoption literature and
pollinator conservation efforts by integrating various TPB and DoI aspects to better understand
landholder attributes affecting adoption intentions. Specifically, I intended to investigate the
impact of previous adoption behavior on intentions by grouping respondents into Current
Adopters (i.e., those who have used pollinator BMPs on their property within the past 12 months
of taking the survey), Previous Adopters (i.e., those who have previously used pollinator BMPs
on their property but have not within the past 12 months of taking the survey), and Non-Adopters
(i.e., those who have never used pollinator BMPs on their property). The purpose of this study
was two-fold: 1) examine the interrelationships of TPB attributes (i.e., Attitudes, Injunctive
Norms, and Perceived Behavioral Control) and their influence on Intentions among groups to
determine if any significant differences were present, and 2) investigate additional group
differences in DoI aspects of Knowledge, Knowledge Stage Communication Channel (KSCC)
use, and Persuasion Stage Communication Channel (PSCC) use. Based on previous research and
theoretical considerations, I developed and tested six hypotheses: H1) Attitudes significantly and
positively influences each group’s Intentions, H2) Injunctive Norms significantly and positively
influences each group’s Intentions, H3) Perceived Behavioral Control significantly and
positively influences each group’s Intentions, H4) Current Adopters have a relatively stronger
significant influence of Attitudes on Intentions than Previous Adopters, H5) Current Adopters
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have a relatively stronger significant influence of Attitudes on Intentions than Non-Adopters, and
H6) Previous Adopters have a relatively stronger significant influence of Attitudes on Intentions
than Non-Adopters.
3.3
3.3.1

Methods
Study Population
This study was situated in Mississippi and targeted landholders with landholdings greater

than or equal to 25 acres. I selected a simple random sample of 4,000 landholders using a
Mississippi tax record landowner database and the PROC SURVEYSELECT statement in SAS
version 9.4. To protect confidentiality of private records, each landholder received a unique
identifier. To review additional specifics regarding the study population, see Chapter II.
3.3.2

Questionnaire Development
I constructed a questionnaire using the TPB and DoI theory as the theoretical foundation

for the majority of the questions. Specifically, I developed questions regarding landholder
attitudes toward, normative pressures and knowledge of, and constraints and intentions to adopt
pollinator BMPs (i.e., Attitudes, Injunctive Norms, Perceived Behavioral Control, Intentions, and
Knowledge). For an explanation of the TPB components including their importance and
definitions, see Chapter II. Rogers (2003) hypothesized knowledge would vary among adopter
types with those individuals on the left side of the adopter continuum (i.e., innovators and early
adopters) having more knowledge of and familiarity with the innovation. Consistent with Rogers
(2003), research focused on knowledge and awareness of landholders has shown their effect on
adoption of conservation practices (e.g., Bennett et al., 2017; Garbach & Long, 2017). These
studies tend to focus on an individual’s knowledge because this can be an important indicator of
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their participation or lack thereof in a conservation innovation adoption. For instance, a lack of
knowledge may influence farmers’ intentions toward conservation because of the absence of
connection comprehension between agricultural practices and adverse impacts on biodiversity
(Greiner, 2015). Furthermore, understanding an individual’s knowledge level may help to
determine areas for audience segmentation. If it is determined a landholder is lacking knowledge
regarding the importance of implementing a conservation innovation, specific techniques of
addressing this constraint can be used to support greater adoption potential (e.g., Greiner, 2015;
Kittredge, Gianotti, Hutyra, Foster, & Getson, 2015). On the contrary, if the landholder is
adequately aware and knowledgeable of the innovation yet has still not adopted, different
segmented messaging approaches can be developed to address the additional variables affecting
diffusion. In this study, I defined Knowledge as landholders’ comprehension of implementing
pollinator BMPs. The indicators for this construct regarded six habitat and three chemical BMPs
and were measured with 5-point Likert scales with response format 1 = strongly disagree, 2 =
disagree, 3 = neutral, 4 = agree, and 5 = strongly agree (Table 3.1).
In addition to an individual’s knowledge, use of various early communication channels
has been cited as an important attribute in the adoption diffusion process as they serve as a
means of information sharing during the “knowledge” and “persuasion” stages prior to the
“decision” stage (Rogers, 2003, p. 169). Thus, communication channels are the conduit through
which individuals garner greater knowledge of and familiarity with innovations. In this study, I
generated DoI questions regarding respondents’ use of knowledge gathering channels (i.e.,
KSCC) and channels used to learn more information to assist in the adoption decision (i.e.,
PSCC). The knowledge stage is when an individual is first hearing and learning about a new
innovation, or in this case management practices for one’s property. Information in this stage is
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typically communicated through more formal networks, such as mass media channels and
general publications (Rogers, 2003). In this study, I defined KSCC as the information sources
landholders use in the adoption diffusion knowledge gathering stage regarding general
management practices for their property. The indicators for the KSCC construct covered
governmental and non-governmental sources, such as County Extension, USDA Natural
Resources Conservation Service (NRCS), and Pollinator Partnership publications (Table 3.1).
The persuasion stage is when an individual is looking to learn more about the innovation before
making her/his final decision on whether or not to adopt. The information in this stage is usually
more targeted and specific and is communicated through informal networks, such as
organizations or people with which the individual is more familiar (Rogers, 2003). Landholders
may rely more heavily on these interpersonal networks, consisting of their neighbors and
members of their social network, because of higher trust and similarities with management goals
(Kittredge et al., 2015; Pannell et al., 2006; Rickenbach, 2009). In this study, I defined PSCC as
the contacts landholders use in the adoption diffusion persuasion stage to learn more about
general management practices for their property. The indicators for the PSCC construct included
both professional and personal contacts, such as County Extension and NRCS agents and similar
landholders (Table 3.1). Overall, these questions referred to management practices in general
instead of being specific to pollinator practices to better understand potential avenues to reach
those who have not yet adopted any of the pollinator BMPs. The indicators of the KSCC and
PSCC constructs were measured with 5-point scales with response format 1 = never, 2 =
occasionally, 3 = often, 4 = very often, and 5 = always. Additionally, a check box was added for
each KSCC indicator to allow the respondents to indicate if they were “Unfamiliar with
Resource”.
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For theoretical and substantive purposes, I generated questions regarding past adoption
behavior of pollinator BMPs. Understanding past behavior has been purported as beneficial to
further strengthen TPB and adoption studies (e.g., Dayer et al., 2016; Fishbein & Ajzen, 2015);
therefore, I wanted to develop further understanding from my models by conducting group
comparisons. Responses to the past behavior questions allowed for the categorization of
respondents based on their current, previous, or non-use of pollinator BMPs on their property
(i.e., Current Adopters, Previous Adopters, Non-Adopters). I aimed to delve deeper into
differences among adopter types by specifically breaking up respondents into three categories,
instead of a dichotomous split between Adopters and Non-Adopters. Specifically, I wanted to
investigate the differences between Current and Previous Adopters to improve understanding
regarding lack of continued adoption participation. To view a comparison of the adopter group
characteristics, see Appendix Table B.2. Beyond the theoretical implications for this study,
understanding the current adoption or non-adoption of pollinator BMPs in Mississippi also
provided practical benefits by generating knowledge of the current state of landholder adoption
participation.
I developed a leaflet to accompany the questionnaire to provide landholders additional
information about the pollinator BMPs (see Appendix Figures A.5 and A.6). Nine practices (i.e.,
six habitat and three chemical) were selected that support greater quantity and quality of
pollinator habitat based on best management recommendations of pollinator conservation
organizations (e.g., The Xerces Society, Pollinator Partnership). These practices included: 1)
planting nectar species, 2) using cover crops, 3) creating field borders, 4) planting host plant
species, 5) practicing conservation tillage, 6) creating brush piles, 7) using Integrated Pest
Management (IPM) practices, 8) using targeted herbicides, and 9) adjusting pesticide application
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timing. These practices provided the action and target behavioral elements for the Attitudes,
Injunctive Norms, Perceived Behavioral Control, Intentions, and Knowledge constructs (Fishbein
& Ajzen, 2015).
Prior to conducting the survey, all research protocols, including the questionnaire and
additional survey materials, were reviewed and approved by the Mississippi State University
Institutional Review Board for the Protection of Human Subjects (Docket #-18-123; see
Appendix A). I initially pretested the developed questionnaire with 50 landholders and had it
reviewed by six expert judges (i.e., six Mississippi State University academics versed in survey
research) for face and content validity before the measurement instrument was finalized and
disseminated. A few of the modifications included editing the wording of the KSCC and PSCC
questions to target communication channel use for general property management practices
instead of specific pollinator BMPs, adding County Extension publications and Internet search
engine indicators to the KSCC construct, and adding a Master Gardeners indicators to the PSCC
construct. For all questionnaire modifications, see Chapter II.
3.3.3

Survey Implementation and Response
I followed Dillman’s (2000) Tailored Design Method protocol for survey dissemination.

The survey was initiated in June 2018 to avoid the majority of planting and harvesting efforts for
agricultural landholders in Mississippi. A cover letter, questionnaire, and postage-paid Business
Reply envelope (i.e., complete packet) was initially sent (Day 1), followed one week later by a
postcard reminder (Day 8). Non-respondents were sent second and third complete packets as
necessary on Day 21 and Day 42 (Dillman, 2000). Response to the survey was not incentivized.
Responses were accepted up to 90 days after the initiation of the survey. Data were entered into a
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Microsoft Access database and double-checked to avoid transcriptional error (Hunter & Schmidt,
1990).
In total, 1,429 Mississippi landholders responded to the survey and a 38.5% effective
response rate was obtained after correcting for non-deliverables (n = 286). A final usable total of
924 respondents was obtained after I removed non-eligibles (n = 505), including those whom
refused the survey, were no longer managing or holding the land, were reported as deceased, or
were suspected of response set or acquiescence bias. I used non-response techniques to check the
sample for non-response bias (Fisher, 1996) with known variables from the Mississippi
landowner tax database and found no significant values, indicating the sample was not biased.
For more information, see Chapter II.
3.3.4

Data Analysis
Prior to conducting analyses, I used IBM SPSS Statistics version 26 (SPSS) to address

missing values using a regression imputation based on previous research recommendations (Hair,
Black, Babin, & Anderson, 2009). I randomly split the total sample into two subsamples of 462
respondents using SAS version 9.4, to allow for both exploratory (i.e., Sample 1) and
confirmatory (i.e., Sample 2) analyses of the constructs (DeVellis, 2012). I conducted the
structural analysis for the TPB attributes in two stages: 1) analysis of the measurement model,
and 2) analysis of the structural model. I did not conduct the second stage for the DoI attributes
as they were not to be structurally modeled. For measurement model analysis, I used SPSS to
conduct reliability and exploratory factor analyses (EFA) to analyze Sample 1’s data for
evidence of reliability and validity. I then used Sample 1 to conduct confirmatory factor analyses
(CFA) in IBM SPSS AMOS version 25 (AMOS). Once the models were finalized, I performed
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another CFA to test Sample 2’s measurement models for confirmatory purposes. See Chapter II
for a more detailed methodology of these analyses.
Prior to conducting the second stage of analysis for the TPB attributes (i.e., structural
model analysis), I performed two tests to determine potential bias and metric invariance
influence as the data were collected at one time. I assessed common method bias to determine if
there was an inflation of correlations between dependent and independent variables by
constructing paths from an unmeasured latent construct to each measurement indicator in the
model. Chi-square values were examined between this model and the original to determine if
there was a significant difference (i.e., χ2 / 1df ≥ 3.84; Podsakoff, MacKenzie, Lee, & Podsakoff,
2003). Additionally, to ensure response differences were not entirely the result of survey
variance, I performed an invariance test to determine at least partial metric invariance
(Steenkamp & Baumgartner, 1998). I conducted structural equation modeling in AMOS for both
TPB models (i.e., the habitat and chemical models). These models incorporated the TPB
attributes of Attitudes, Injunctive Norms, Perceived Behavioral Control, and Intentions. I
assessed model fit analyses to determine fit and reviewed structural relationships to test the
hypothesized relationships (Figure 3.1). See Chapter II for further information regarding model
fit index selection and criteria.
To integrate past behavior into the TPB models, I performed three two-group analyses in
AMOS to determine if any significant differences existed in regards to structural paths: 1)
Current Adopters and Previous Adopters, 2) Current Adopters and Non-Adopters, and 3)
Previous Adopters and Non-Adopters. Based on previous research (Pelletier & Collier, 2018), I
performed chi-square difference tests in AMOS for each path relationship by individually
constraining the relationships to be equal across the groups and comparing results to the
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unconstrained model. Finally, to determine if and where these groups differed on the additional
DoI constructs (i.e., Knowledge, KSCC, and PSCC), I conducted a multivariate analysis of
variance (MANOVA) and Tukey or Games-Howell post-hoc multiple comparison tests
depending on the results of Levene’s test of homogeneity of variance (Bagozzi & Yi, 1989;
DeCoster, 2006; Moder, 2010; Ruxton & Beauchamp, 2008).
3.4

Results
The following EFA and CFA results are for the DoI constructs as the TPB constructs

were analyzed and reported in Chapter II. Sample 1’s data showed initial evidence of reliability
for each construct (Cronbach’s α > 0.80). The EFA revealed unidimensionality for the
Knowledge construct and two dimensions underlying each the KSCC construct and PSCC
construct (Appendix Table B.4). The indicators in the KSCC construct divided into a
governmental publications factor and a non-governmental publications factor. The indicators in
the PSCC construct divided in a professional contacts factor and a personal contacts factor.
Additional indicator statistics were reviewed and resulted in the removal of two Knowledge
indicators, two KSCC indicators, and two PSCC indicators before moving forward to the CFA.
Although the DoI constructs were not to be used in a structural model, the CFA still provided
suggestions for model improvements based on a priori considerations and their nomological
network (Figure 3.2). Model edits consisted of allowing within construct error correlations and
the removal of two under-performing items and the non-governmental KSCC factor. This factor
had only two indicators that were pollinator-centric organizations; therefore, its removal did not
have a deleterious effect on the overall construct based on its definition.
The CFA of Sample 2 confirmed the results observed with Sample 1 including model fit.
Sample 2’s CFA showed evidence of reliability and all indicators loaded on their respective
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underlying constructs. To view the list of indicators, loadings, and reliabilities, see Table 3.2 for
the DoI model and Table 2.2 and 2.3 in Chapter II for the TPB models (i.e., habitat and chemical
models). Each DoI construct’s average variance extracted (AVE) value exceeded 0.50, providing
evidence of convergent validity, and discriminant validity was supported as no shared variance
between constructs exceeded the individual construct AVEs (Table 3.3; Fornell & Larcker, 1981;
Hair, Ringle, & Sarstedt, 2011). For each model’s construct means, correlations, and AVEs, see
Table 3.3 for DoI and Table 2.4 for TPB. With the chi-square statistic being sensitive to sample
size, I reviewed multiple fit indices to determine model fit (Bagozzi & Yi, 2012). The DoI model
was determined to have good fit, although the chi-square statistic was significant (χ2 = 344.048,
df = 94, p < 0.001), with a review of RMR (0.03), RMSEA (0.08), CFI (0.96), and TLI (0.95).
Common method bias was shown not to be a substantial concern for either TPB model (habitat:
χ2 / 1df = 0; chemical: χ2 / 1df = 3.03) and was not considered a concern in the DoI model
because it would not be used for structural modeling. Finally, the invariance test between males
and females confirmed configural and at least partial metric invariance for all models (habitat:
df = 12, χ2 = 20.49, p = 0.058; chemical: df = 6, χ2 = 8.18, p = 0.225; DoI: df = 11, χ2 =
12.68, p = 0.147). These results provided evidence of reliability and validity of the DoI
constructs and acceptability of their use in further analysis.
I then reviewed the influence of past behavior on the TPB habitat and chemical models
using the aforementioned groupings of Current Adopters (n = 160), Previous Adopters (n = 138),
and Non-Adopters (n = 164). Some of the individual model fit statistics for the groups were less
than desirable, the worst of which was observed with the habitat model and Current Adopters (χ2
= 355.555, df = 93, p < 0.001, RMR = 0.07, RMSEA = 0.13, CFI = 0.82, and TLI = 0.76).
Additionally, the standardized estimates in the chemical model showed a negative variance
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estimate (i.e., Heywood case) for one of the Attitudes indicators, demonstrating an opportunity
for future model improvement. However, the models were not edited to avoid capitalizing on
chance (Bagozzi & Yi, 2012). For the habitat model, Attitudes (Hypothesis 1), Injunctive Norms
(Hypothesis 2), and Perceived Behavioral Control (Hypothesis 3) were shown to all significantly
and positively influence each group’s Intentions (Table 3.4). However, for the chemical model,
the influence of Attitudes on Intentions for Non-Adopters was non-significant (γ = 0.11; p =
0.074), as was the influence of Injunctive Norms on Intentions for Previous Adopters, although
marginally (γ = 0.13; p = 0.053). To review each group’s standardized estimate loadings, t
values, and model fit statistics see Table 3.4. For Current Adopters, the strongest relative
influence on Intentions was from Attitudes for both the habitat and chemical models (habitat: γ =
0.47; chemical: γ = 0.51). For Previous Adopters, the strongest relative influence on Intentions
was from Perceived Behavioral Control for both the habitat and chemical models (habitat: γ =
0.56; chemical: γ = 0.61). For Non-Adopters, the strongest relative influence on Intentions was
from Perceived Behavioral Control for the habitat model (γ = 0.44) and from Injunctive Norms
for the chemical model (γ = 0.38; Table 3.4).
The two-group analyses showed significant group differences in the habitat and chemical
models for the relative influence of Attitudes for Current Adopters and Previous Adopters
(Hypothesis 4) and Current Adopters and Non-Adopters (Hypothesis 5), though not for Previous
Adopters and Non-Adopters (Hypothesis 6). Current Adopters found Attitudes to be more
influential on Intentions than did Previous Adopters for the habitat model (Current Adopters: γ =
0.47; Previous Adopters: γ = 0.26; p = 0.042) and the chemical model (Current Adopters: γ =
0.51; Previous Adopters: γ = 0.20; p = 0.006). Additionally, Current Adopters found Attitudes to
be more influential on Intentions than Non-Adopters for the habitat model (Current Adopters: γ =
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0.47; Non-Adopters: γ = 0.20; p = 0.035) and the chemical model (Current Adopters: γ = 0.51;
Non-Adopters: γ = 0.11; p < 0.001). See Table 3.5 for the full listing of standardized estimate
loadings, t values, and chi-square difference values. Although not hypothesized, additional
significant differences were found within the chemical model two-group analysis of Previous
Adopters and Non-Adopters. The influence of Injunctive Norms on Intentions was relatively
significantly stronger for Non-Adopters than Previous Adopters (Previous Adopters: γ = 0.38;
Non-Adopters: γ = 0.13; p = 0.002), while the influence of Perceived Behavioral Control was
relatively significantly stronger for Previous Adopters than Non-Adopters (Previous Adopters: γ
= 0.61; Non-Adopters: γ = 0.37; p = 0.028).
There were statistically significant differences among adopter groups regarding each of
the DoI constructs (F(8,912) = 17.75, p < 0.001, Wilks’ Λ = 0.75, partial η2 = 0.135; Table 3.6).
A Games-Howell post hoc test revealed significant differences with Current Adopters having the
most knowledge as compared to Previous Adopters (p < 0.001) and Non-Adopters (p < 0.001).
Previous Adopters also had more knowledge than Non-Adopters (p < 0.001). Tukey post hoc
tests showed significant differences regarding KSCC and Personal PSCC with Non-Adopters
using them less than Current Adopters (KSCC: p < 0.001; Personal PSCC: p < 0.001) and
Previous Adopters (KSCC: p = 0.011; Personal PSCC: p < 0.001). A Games-Howell post hoc
test revealed significant differences regarding Professional PSCC with Current Adopters using it
the most as compared to Previous Adopters (p = 0.033) and Non-Adopters (p < 0.001). Previous
Adopters also used it more than Non-Adopters (p = 0.013). To view a full listing of group means
and individual pairwise comparison values see Tables 3.6 and 3.7.
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3.5

Discussion
Currently, no studies have been conducted on landholders in the Southeast regarding the

human dimensions of pollinator conservation; therefore, with this study I sought to address the
gap in understanding of actual practice adoption, knowledge regarding pollinator BMPs, and the
influence of past behavior on the relationships between TPB predictor attributes and adoption
intentions. The findings from this study were consistent with previous efforts using the TPB and
DoI theory, and introduced some new insights regarding the influences on intentions to adopt
pollinator BMPs. The continued use of Fishbein and Ajzen’s TPB model and its prior and
subsequent versions (i.e., TRA and RAA) in research studies has shown the importance of
considering additional variables when attempting to understand influences on an individual’s
intentions and their ultimate behavior (e.g., Arbuckle & Roesch-McNally, 2015; Dayer et al.,
2016; Fishbein & Ajzen, 2015; Reimer et al., 2012). In Chapter II, I focused on the TPB
attributes and the total second sample and found Perceived Behavioral Control to have the
strongest relationship to Intentions relative to Attitudes and Injunctive Norms. This indicated an
individual’s feeling of constraint more heavily influences their intentions to adopt pollinator
BMPs on their property even if they have favorable attitudes and normative pressures toward the
practices. With this study, I attempted further investigation of intention influence by
incorporating past behavior of pollinator BMP adoption to allow for group comparisons.
Furthermore, I incorporated additional variables regarding landholder knowledge and
communication channel use to provide greater understanding of attributes both individually and
comparatively.
The overarching hypothesis for this study was TPB attributes would have a significant
and positive influence on adoption intentions for each adopter group, yet there would be group
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differences in the strengths of attribute influences based on past behavior, such as Current
Adopters having the strongest relationship between Attitudes and Intentions, comparatively.
Furthermore, consistent with DoI theory, I predicted Current Adopters would have the greatest
practice knowledge and would be the most connected through various communication channels
compared to the other adopter groups. This study provided a first look into the current state of
pollinator BMP adoption in Mississippi and how various landholder attributes, including past
behavior, may influence intentions to adopt pollinator BMPs in the future. Rather than
performing a dichotomous categorization of Adopters and Non-Adopters, I aimed to determine if
significant differences existed between Current Adopters and Previous Adopters regarding
attitudes, constraints, and normative pressures to potentially explain why Previous Adopters are
no longer implementing the pollinator BMPs on their property. This sociological research gap is
essential to fill for pollinator conservation to begin developing ways to approach, encourage, and
support varied landholders to increase overall practice adoption.
I extended the findings from Chapter II by conducting multiple two-group analyses to
determine the influence of past behavior on the TPB structural relationships for the habitat and
chemical BMP models as well as by conducting group comparison analyses to determine how
the adopter groups differed on DoI attributes. The two-group analyses indicated the strongest
relative influence on pollinator BMP adoption intentions varied based on past behavior. Previous
research has often shown a person’s attitude as a strong predictor of their intentions (e.g.,
Greiner, 2015), which was indicated by the Current Adopters group in this study. Attitudes had
the strongest relationship to Intentions for the Current Adopters in both TPB models and its
influence was significantly stronger than either Previous Adopters or Non-Adopters, indicating
the favorable evaluation of potential BMP outcomes outweigh potential constraints or social
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pressures on the landholders’ adoption decision. Consistent with the overall structural findings
from Chapter II, Perceived Behavioral Control had the majority of influence on Intentions for
Previous Adopters in both TPB models. This result indicates those whom have previously
adopted may have discontinued use because they feel more constrained in some regard. Even if
they have favorable attitudes and familiarity with the practices, Previous Adopters may have less
time or resources to continue implementation of the practices on their property. With the
majority of respondents’ properties being agriculturally focused, pressures to produce may have
constrained their ability to continue to use pollinator BMPs.
Perceived Behavioral Control was also the strongest influence on Intentions in the habitat
model for Non-Adopters, while Injunctive Norms was the most influential on Intentions in the
chemical model. These results indicate the type of pollinator BMP should be considered when
determining how to predict and potentially change Non-Adopters’ intentions and consequent
adoption behavior. This change in influence speaks to the larger context of growing societal
pressures and the impetus to reduce chemical use. Food security and biodiversity concerns have
been growing in tandem, as the world’s population is expected to exceed 9 billion people by
2050 (Sunderland, 2011; van der Sluijs & Vaage, 2016). With over one-third of the world’s food
supply being influenced by pollinators, including vitamin-rich pollinator-dependent crops,
concerns have steadily grown as various populations of pollinator species have continued to
decline resultant primarily from habitat loss and increased pesticide use (Allen-Wardell et al.,
1998; Gallai, Salles, Settele, & Vaissière, 2009; Garibaldi, Aizen, Klein, Cunningham, & Harder,
2011; Klein et al., 2007; Sunderland, 2011; van der Sluijs & Vaage, 2016). These concerns
provide an impetus for promoting agroecosystems versus conventional agricultural practices to
reduce external inputs, build internal strengths, and increase floral diversity (e.g., Kennedy et al.,
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2013; Kovács-Hostyánszki et al., 2017). However, the majority of agriculture does not fall neatly
into one of these dichotomous categories as there are several influencing factors, including if it is
a small landholder or commercial production system and if the focus is on long-term farm
resilience or short-term yield maximization (Tscharntke et al., 2012). Regardless, the difference
of attribute influence strength for Non-Adopters between habitat and chemical BMPs suggests
normative pressures of reducing chemical use are having a positive impact on intentions to adopt
these pollinator BMPs.
As expected, Current Adopters had the highest reported knowledge of all the adopter
groups. Rogers (2003) purported one of the characteristics of innovators and early adopters is a
higher level of knowledge of the innovation, compared to the late majority and laggards. This
downward trend was observed in this study with the Knowledge mean ranging from the highest
in Current Adopters to the lowest in Non-Adopters. This lesser knowledge among Non-Adopters
could indicate a potential constraint to adopting pollinator BMPs. Future research efforts could
incorporate knowledge as an indicator in the Perceived Behavioral Control construct to further
test its role as a constraint. Lack of knowledge could be addressed by generating more targeted
educational and outreach materials to explain practice implementation specifics as well as
developing hands-on workshops for landholders to teach them how to do tangible practices on
their own land. Although outreach service efforts have been shown to improve farmers’
knowledge of pollination (Munyuli, 2011), more research is needed to understand the specific
knowledge gaps of landholders to improve the effort efficacy. For example, Rogers (2003)
purported there are three types of innovation knowledge: 1) awareness-knowledge, 2) how-to
knowledge, and 3) principles-knowledge. The awareness-knowledge type regards information
revealing the existence of an innovation to an individual and is often concentrated in the
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knowledge stage communication channel. The questions in this survey pertained to the how-to
knowledge type, which is the information individuals need to properly use an innovation. The
last type, principles-knowledge, regards information about the principles underlying how an
innovation functions (Rogers, 2003). Essentially, this goes beyond the “what” and “how”
questions into the “why” of it all. In this study, I specifically asked about practices I knew
landholders may be adopting for reasons other than to support pollinator conservation. A
potential future research direction would be to delve deeper into these different types of
landholder knowledge to best ascertain where targeted efforts should be focused.
Also aligned with Rogers’ (2003) descriptive characteristics of adopter typologies were
the results from the communication channel use. Communication channels are integral parts of
diffusion networks, especially to spread information and improve knowledge among rural
landholders. The results from this study showed the majority of landholders never or only
occasionally used these various channels, indicating a lack of overall connectedness to outreach
publications, organizations, and personal contacts regarding general land management practices.
This sort of disconnection may impede the adoption of practices and could potentially be
addressed with more targeted outreach through Extension networks. The limited use of
communication channels by landholders suggest they are not actively reaching out to learn about
various management practices, indicating governmental and non-governmental organizations
may need to come more than halfway to support further adoption of pollinator BMPs. With
limited time and resources, this provides an obvious challenge; thus, pollinator conservation
would be benefitted by further research into how to best connect with and support landholders
and their knowledge networks.
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One additional important finding was Personal PSCC was used more than the
Professional PSCC. This result resonates with Rogers’ (2003) discussion of the role and
importance of opinion leaders. Opinion leaders are certain trusted individuals in communities or
networks that are often consulted about or provide the examples of what to do regarding
adoption decisions. These individuals may be very helpful in spreading knowledge and
encouraging adoption among landholders and can be beneficial in reducing external agents’ time
and effort spent diffusing knowledge and promoting practices. Although opinion leaders were
not specifically sought after in this study, the greater use of personal contacts in the adoption
persuasion stage indicate their potential beneficial impact for future adoption diffusion of
pollinator BMPs. One slightly different approach that may be beneficial for disseminating
information about pollinator conservation and BMPs would be through social media influencers,
as they could be considered as proxy for opinion leaders. This may not prove as effective with
populations less active in social media platforms, yet it is something to consider moving forward.
Although my findings were consistent with previous research and generated support of
several research hypotheses, the study was not without limitations. In Chapter II, acceptable
model fit was achieved for the habitat and chemical models; however, the model fit in this study
worsened for the individual groups and their comparisons, and a Heywood case was observed in
the chemical model, indicating further model development is needed. Collecting additional
samples and having a larger pool of more heterogeneous indicators would increase my ability to
improve model fit in the future. See the discussion in Chapter II for recommendations of
additional heterogeneous indicators and measurement suggestions. Additionally, this study was
temporally limited by requesting respondents to answer all questions (e.g., the independent and
dependent variables) at the same time. Although common method bias was not a substantial
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concern for the TPB models, it was a consideration for excluding the integration of the DoI
variables in the models. Future studies would be strengthened by performing a longitudinal study
that would allow the separation of questions. This may contribute to the development of a more
nuanced model without increasing respondent fatigue. Additionally, longitudinal studies may be
of benefit to follow-up with respondents to determine actual implementation of the BMPs,
providing a more complete picture of predictors of intentions, intentions, and actual behavior.
Finally, it is important to emphasize this was only one study; therefore, I cannot make any overt
generalizations or strong recommendations from its results beyond respondents. These models
should be tested with multiple samples to continue developing and refining the pool of indicators
and improving model fit, allowing for more confident recommendations of targeted support
approaches for pollinator BMP adoption.
Based on this study, I recommend future research in four main areas: 1) continued
development of indicators and repeated testing and expansion of the models, 2) investigation of
the role of adoption discontinuance, 3) development of measures regarding acceptability
characteristics of the practices, and 4) investigation of the role of landholder type on adoption
decisions. First, as discussed in Chapter II, additional indicators should be developed to more
fully flesh out the constructs researched in this empirical effort, and repeated studies are needed
to gather more data. Additionally, researchers should consider ways to integrate additional sociopsychological components to better understand what is influencing landholders’ decisions to
adopt pollinator BMPs. For example, several conservation research studies focused on farmers
have suggested self-identity, place attachment, and connectedness to nature are influential on
intentions and pro-environmental behavior (e.g., Gosling & Williams, 2010; Lokhorst, Hoon, le
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Rutte, & de Snoo, 2014; McGuire, Morton, & Cast, 2013; Peter, Bell, & Jarnagin, 2000). These
components may be of increasing benefit as landholder generational changes continue to occur.
Second, further investigation is needed to understand the change in behavior of Previous
Adopters to improve targeting and reactivation techniques. Similar to the “R3” strategy that is
often employed by various natural resource organizations to improve participation in activities,
such as the Recreational Boating and Fishing Foundation’s “60 in 60” initiative (RBFF, 2019), it
is important to understand how to recruit, retain, and reactivate adopters. An individual’s
discontinuance of pollinator BMP adoption is important to understand, especially because
Previous Adopters in this study represented roughly a third of the sample. Two primary types of
discontinuance are replacement and disenchantment, with an individual either adopting a better
practice or rejecting the practice resultant from dissatisfaction or lacking relative advantage,
respectively (Rogers, 2003). Understanding the discontinuance of pollinator BMPs will be
essential for reactivation efforts and for increasing overall adoption on private landholdings.
Third, the primary intent of using these practices may not have been for the benefits of
pollinators, but because they are useful to the landholder for some other purpose. Future research
could specifically target the acceptability characteristics of the practices (i.e., Roger’s (2003)
relative advantage, compatibility, complexity, trialability, and observability). For example,
Reimer et al. (2012) conducted a study of agricultural producers regarding the perceived
characteristics of various conservation practices to ascertain what made the practices more or
less acceptable. In addition to Rogers’ (2003) five innovation characteristics, they incorporated
Cary, Webb, and Barr’s (2001) “forgotten focus” of risk, and found relative advantage to have
the most influence, both as a motivation and a limitation for some of the practices (Reimer et al.,
2012). By researching the perceived characteristics of pollinator BMPs, we may generate further
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knowledge of landholder motivations and constraints, allowing for the efficacious development
of conservation promotional materials addressing practice risks while also emphasizing their
myriad benefits.
Finally, future conservation practice adoption research regarding pollinator BMPs would
likely benefit from investigating various types of landholders, including owners, renters, and
non-resident landholders. The majority of respondents in this study were resident owners, not
non-resident owners or renters. Important distinctions in responses to the TPB and DoI questions
may be found if future studies included a more even distribution of owners and renters or
resident and non-resident landholders. Previous research has shown renters are usually less likely
to use conservation practices because of the risk associated with investing without knowing if
they will be beneficial, or because they may not rent the land long enough to reap the benefits
(e.g., Ranjan et al., 2019; Soule, Tegene, & Wiebe, 2000). Additionally, a review of non-resident
landholders research showed they generally were less likely to actively manage their land and
had less contact with local Extension and natural resource agency staff than resident landholders,
and there has been mixed response to conservation with some studies showing a greater
disinterest (see Petrzelka, Ma, & Malin, 2013). Greater risk aversion, disconnection with
Extension agents, and potential increased disinterest in conservation will make educational and
outreach efforts more challenging. Thus, understanding the influences and attributes of these
various landholder types may prove to be essential in reducing constraints and increasing
pollinator BMP adoption in diverse geographic regions.
This study showed adopter groups differ on what primarily influences their adoption
intentions and these difference may provide opportunities for more targeted messaging and
support opportunities. Specifically, I provided evidence of Current Adopters being primarily
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influenced by attitudes, while Previous Adopters and Non-Adopters were more influenced by
constraints and normative pressures. To improve overall pollinator BMP adoption, we need to
better understand the primary influences on landholders’ decisions, including their
discontinuance and deeper knowledge of the practices. This study also showed the benefit of
integrating various attributes to better paint a picture of what is influencing landholder adoption
decisions. However, this is just the tip of the iceberg. More development of survey measures is
needed, including the consideration and integration of additional attributes related to landholder
and perceived practice characteristics, and more studies should be conducted to gather further
data to test the models and validate findings. My research has contributed to pollinator
conservation efforts and the conservation practice adoption literature by invalidating a oneapproach-fits-all management method regarding the adoption diffusion of pollinator BMPs. I
have shown the type of practice (i.e., habitat or chemical) to be an important consideration, as
well as how the role of past behavior can be used as a grouping variable to compare the strength
and significance of attribute influence. To increase support for pollinator species on a variety of
landscapes, with myriad land use types, and a diversity of landholders, we need to further
explore the human dimensions of pollinator conservation.
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Table 3.1

Initial List of Diffusion of Innovation Theory Indicators Grouped by Constructs.

Constructs
Knowledge
Please indicate the extent to
which you agree or disagree
with each of the following
statements, starting each
statement with "I have
adequate knowledge…":

Knowledge Stage
Communication Channel
How often do you use the
following resources for
information about
management practices for
your property in general, not
just for pollinator BMPs?

Persuasion Stage
Communication Channel
How often do you contact
the following people to learn
more about management
practices for your property in
general, not just for
pollinator BMPs?

Indicators
(Q13a) To plant nectar species
(Q13b) To use cover crops
(Q13c) To create field borders
(Q13d) To plant host plant species
(Q13e) To practice conservation tillage
(Q13f) To create brush piles
(Q13g) To use IPM practices
(Q13h) To use targeted herbicides
(Q13i) To adjust pesticide application timing
(Q14a) USDA Farm Service Agency Mississippi reports
(Q14b) USDA Natural Resources Conservation Service publications
(Q14c) USDA Forest Service publications
(Q14d) US Fish and Wildlife Service publications
(Q14e) Pollinator Partnership publications
(Q14f) The Xerces Society publications
(Q14g) County Extension publications
(Q14h) Internet search engines
(Q15a) Neighbors
(Q15b) Friends
(Q15c) Similar landholders
(Q15d) USDA Natural Resources Conservation Service agents
(Q15e) USDA Farm Service Agency agents
(Q15f) USDA Forest Service agents
(Q15g) US Fish and Wildlife Service agents
(Q15h) County Extension agents
(Q15i) Master Gardeners

Note: Knowledge measured using 5-point Likert scale with response format: 1 = strongly disagree, 2 = disagree, 3 =
neutral, 4 = agree, 5 = strongly agree; Communication Channel measured using 5-point scales with response format:
1 = never, 2 = occasionally, 3 = often, 4 = very often, 5 = always.
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Table 3.2

Confirmatory Factor and Reliability Analyses for Diffusion of Innovation
Indicators.

Constructs

Standardized
Factor Loading

t value

0.83
0.94
0.93
0.89
0.79
0.80
0.79

**
27.16
26.86
25.71
20.10
23.19
20.48

0.84
0.73
0.82

**
17.19
20.05

0.85
0.68
0.84

**
15.89
21.14

0.76
0.92
0.89

**
20.44
20.12

Knowledge (C.R. = 0.95)
Please indicate the extent to which you agree or disagree with each of the
following statements, starting each statement with "I have adequate
knowledge…":
-To plant nectar species
-To use cover crops
-To create field borders
-To practice conservation tillage
-To create brush piles
-To use IPM practices
-To adjust pesticide application timing
Knowledge Stage Communication Channel (C.R. = 0.84)
How often do you use the following resources for information about
management practices for your property in general, not just for pollinator
BMPs?
-USDA Natural Resources Conservation Service publications
-USDA Forest Service publications
-County Extension publications
Professional Persuasion Stage Communication Channel (C.R. = 0.83)
How often do you contact the following people to learn more about
management practices for your property in general, not just for pollinator
BMPs?
-USDA Natural Resources Conservation Service agents
-USDA Forest Service agents
-County Extension agents
Personal Persuasion Stage Communication Channel (C.R. = 0.89)
How often do you contact the following people to learn more about
management practices for your property in general, not just for pollinator
BMPs?
-Neighbors
-Friends
-Similar landholders

Note: Model Fit Statistics: χ2 = 344.05; df = 94; CFI = 0.96, TLI = 0.95, RMR = 0.03, RMSEA = 0.08; ** = Items
constrained for identification purposes; C.R. = composite reliability; CFI = comparative fit index; TLI = TuckerLewis index; RMR = root mean square residual; RMSEA = root mean square error of approximation.
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Table 3.3

Correlations, Means, Standard Deviations, and Average Variance Extracted for
Diffusion of Innovation Constructs.

Construct
Habitat Model
1. Knowledge
2. Knowledge Stage
Communication Channel
3. Professional Persuasion Stage
Communication Channel
4. Personal Persuasion Stage
Communication Channel

Mean (SD)

AVE

2.96 (0.90)

0.73

Intercorrelation of constructs
1
2
3
4
1.00

1.76 (0.77)

0.64

0.30

1.00

1.56 (0.67)

0.63

0.31

0.74

1.00

1.70 (0.74)

0.74

0.29

0.42

0.54

Note: SD = standard deviation; AVE = average variance extracted.
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1.00

Table 3.4

Multiple-Group Structural Model Results for the Habitat and Chemical Models.

Hypothesized Relationships

H1: Attitudes significantly and positively influences each
group's Intentions
H2: Injunctive Norms significantly and positively
influences each group's Intentions
H3: Perceived Behavioral Control significantly and
positively influences each group's Intentions
Squared Multiple Correlation
Intentions

Previous
Adopters
Standardized
(t values)
Estimates

Non-Adopters

Model

Current
Adopters
Standardized
(t values)
Estimates

Standardized
(t values)
Estimates

Hypothesis
Supported

Habitat
Chemical
Habitat
Chemical
Habitat
Chemical

0.47 (3.93)
0.51 (5.77)
0.19 (2.48)
0.21 (3.36)
0.44 (3.99)
0.43 (5.04)

0.26 (3.08)
0.20 (3.11)
0.25 (3.26)
0.13 (1.93)
0.56 (5.39)
0.61 (6.34)

0.20 (2.61)
0.11 (1.79)
0.19 (2.36)
0.38 (5.59)
0.44 (5.45)
0.37 (5.30)

Yes
No
Yes
No
Yes
Yes

Habitat
Chemical

0.86
0.66

0.67
0.51

0.41
0.39

Model Fit Statistics
Current Adopters: habitat: χ2 = 335.55, df = 93, p < 0.001, CFI = 0.81, TLI = 0.76, RMR = 0.07, RMSEA = 0.13; chemical: χ2 = 99.69, df = 38,
p < 0.001, CFI = 0.93, TLI = 0.90, RMR = 0.10, RMSEA = 0.06
Previous Adopters: habitat: χ2 = 222.67, df = 93, p < 0.001, CFI = 0.90, TLI = 0.88, RMR = 0.05, RMSEA = 0.10; chemical: χ2 = 51.79, df = 38,
p < 0.001, CFI = 0.99, TLI = 0.98, RMR = 0.04, RMSEA = 0.05
Non-Adopters: habitat: χ2 = 189.55, df = 93, p < 0.001, CFI = 0.86, TLI = 0.82, RMR = 0.06, RMSEA = 0.08; chemical: χ2 = 112.72, df = 38, p
< 0.001, CFI = 0.96, TLI = 0.94, RMR = 0.03, RMSEA = 0.11
Note: Bold standardized estimate values indicate the relatively strongest relationship to Intentions in each model; CFI = comparative fit index; TLI = TuckerLewis index; RMR = root mean square residual; RMSEA = root mean square error of approximation.
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Table 3.5

Multiple-Group Difference Tests for the Habitat and Chemical Models.

Hypothesized Relationships

H4: Current Adopters have a relatively stronger
significant influence of Attitudes on Intentions than
Previous Adopters
H5: Current Adopters have a relatively stronger
significant influence of Attitudes on Intentions than NonAdopters
H6: Previous Adopters have a relatively stronger
significant influence of Attitudes on Intentions than NonAdopters

Current
Adopters

Previous
Adopters

Non-Adopters

Group
Differences

Standardized
(t values)
Estimates

Standardized
(t values)
Estimates

Standardized
(t values)
Estimates

χ2 / 1df

Habitat

0.47 (3.93)

0.26 (3.08)

4.13 (0.042)

Chemical
Habitat

0.51 (5.77)
0.47 (3.93)

0.20 (3.11)
0.20 (2.61)

7.57 (0.006)
4.46 (0.035)

Chemical
Habitat

0.51 (5.77)
0.26 (3.08)

0.11 (1.79)
0.20 (2.61)

13.09 (<0.001)
0.02 (0.892)

0.20 (3.11)

0.11 (1.79)

0.79 (0.375)

Model

Chemical

(p values)

Model Fit Statistics
Current Adopters vs. Previous Adopters: habitat: χ2 = 558.19, df = 186, p < 0.001, CFI = 0.86, TLI = 0.82, RMR = 0.06, RMSEA = 0.08;
chemical: χ2 = 151.45, df = 76, p < 0.001, CFI = 0.97, TLI = 0.95, RMR = 0.04, RMSEA = 0.06
Current Adopters vs. Non-Adopters: habitat: χ2 = 525.12, df = 186, p < 0.001, CFI = 0.91, TLI = 0.88, RMR = 0.06, RMSEA = 0.07; chemical:
χ2 = 212.41, df = 76, p < 0.001, CFI = 0.95, TLI = 0.93, RMR = 0.04, RMSEA = 0.07
Previous Adopters vs. Non-Adopters: habitat: χ2 = 412.26, df = 186, p < 0.001, CFI = 0.94, TLI = 0.92, RMR = 0.04, RMSEA = 0.06; chemical:
χ2 = 164.48, df = 76, p < 0.001, CFI = 0.97, TLI = 0.96, RMR = 0.03, RMSEA = 0.06
Note: CFI = comparative fit index; TLI = Tucker-Lewis index; RMR = root mean square residual; RMSEA = root mean square error of approximation.
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Table 3.6

Adopter Group Mean Comparison Results for Diffusion of Innovation Constructs.
Overall
(n = 462)

(1) Current
Adopters
(n = 160)

(2) Previous
Adopters
(n = 138)

(3) NonAdopters
(n = 164)

Knowledge (F = 60.23; p < 0.001; partial η2 = 0.211)

2.95 ± 0.04

3.43 ± 0.06(2,3)

3.03 ± 0.07(1,3)

2.43 ± 0.06(1,2)

Knowledge Stage Communication Channel (F = 10.18; p < 0.001;
partial η2 = 0.042)

1.74 ± 0.03

1.90 ± 0.06(3)

1.79 ± 0.06(3)

1.55 ± 0.06(1,2)

Professional Persuasion Stage Communication Channel (F =
15.29; p < 0.001; partial η2 = 0.062)

1.51 ± 0.03

1.70 ± 0.05(2,3)

1.50 ± 0.05(1,3)

1.33 ± 0.05(1,2)

Personal Persuasion Stage Communication Channel (F = 19.35; p
< 0.001; partial η2 = 0.078)

1.66 ± 0.03

1.83 ± 0.05(3)

1.78 ± 0.06(3)

1.40 ± 0.05(1,2)

Construct

Note: F(8,912) = 17.75, p < 0.001, Wilks' Λ = 0.75, partial η2 = 0.135; Continuous values reported are means ± standard errors from 5-point Likert scales,
Knowledge response format: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree, Communication Channels response format: 1 = never,
2 = occasionally, 3 = often, 4 = very often, 5 = always; Statistically significant differences are bolded; Superscript numbers signify where the significant
differences exist among adopter groups.
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Table 3.7

Tukey and Games-Howell Post-Hoc Test Results of Significant Differences
Among Adopter Groups.

Continuous Variable
(Post hoc test)

Knowledge
(Games-Howell)

KSCC
(Tukey)

Professional
PSCC
(Games-Howell)

Personal
PSCC
(Tukey)

Adopter Group Comparison

Mean Difference

SE

p value

Current Adopters &
Previous Adopters

0.40

0.09

< 0.001

Current Adopters &
Non-Adopters

1.00

0.09

< 0.001

Previous Adopters &
Non-Adopters

0.60

0.10

< 0.001

Current Adopters &
Non-Adopters

0.35

0.08

< 0.001

Previous Adopters &
Non-Adopters

0.24

0.08

0.011

Current Adopters &
Previous Adopters

0.19

0.08

0.033

Current Adopters &
Non-Adopters

0.37

0.07

< 0.001

Previous Adopters &
Non-Adopters

0.18

0.06

0.013

Current Adopters &
Non-Adopters

0.43

0.08

< 0.001

Previous Adopters &
Non-Adopters

0.38

0.08

< 0.001

Note: SE = standard error; KSCC = Knowledge Stage Communication Channel; PSCC = Persuasion Stage
Communication Channel.
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Figure 3.1

Conceptual Framework and Hypothesized Relationships for Intentions to Adopt
Pollinator Best Management Practices.
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Figure 3.2

Nomological Network for the Diffusion of Innovation Constructs Tested with
Confirmatory Factor Analysis.

Note: KSCC = Knowledge Stage Communication Channel, PSCC = Persuasion Stage Communication Channel.

80

3.6

Literature Cited

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human Decision
Processes, 50(2), 179-211. https://doi.org/10.1016/0749-5978(91)90020-T
Allen-Wardell, G., Bernhardt, P., Bitner, R., Burquez, A., Buchmann, S., Cane, J., … Nabhan, G.
P. (1998). The potential consequences of pollinator declines on the conservation of
biodiversity and stability of food crop yields. Conservation Biology, 12(1), 8-17.
https://doi.org/10.1046/j.1523-1739.1998.97154.x
Arbuckle, J. G., & Roesch-McNally, G. (2015). Cover crop adoption in Iowa: The role of
perceived practice characteristics. Journal of Soil and Water Conservation, 70(6), 418429. https://doi.org/10.2489/jswc.70.6.418
Armitage, D. R., Plummer, R., Berkes, F., Arthur, R. I., Charles, A. T., Davidson-Hunt, I. J., …
Wollenberg, E. K. (2009). Adaptive co-management for social-ecological complexity.
Frontiers in Ecology and the Environment, 7(2), 95-102. https://doi.org/10.1890/070089
Bagozzi, R. P. & Yi, Y. (1989). On the use of structural equation models in experimental
designs. Journal of Marketing Research, 26(3), 271-284.
https://doi.org/10.1177/002224378902600302
Bagozzi, R. P., & Yi, Y. (2012). Specification, evaluation, and interpretation of structural
equation models. Journal of the Academy of Marketing Science, 40(1), 8-34.
https://doi.org/10.1007/s11747-011-0278-x
Bennett, N. J., Roth, R., Klain, S. C., Chan, K., Christie, P., Clark, D. A., … Greenberg, A.
(2017). Conservation social science: Understanding and integrating human dimensions to
improve conservation. Biological Conservation, 205, 93-108.
https://doi.org/10.1016/j.biocon.2016.10.006
Breeze, T. D., Bailey, A. P., Potts, S.G., Balcombe, K. G. (2015). A stated preference valuation
of the non-market benefits of pollination services in the UK. Ecological Economics, 111,
76-85. http://dx.doi.org/10.1016/j.ecolecon.2014.12.022
Cary, J. W., Webb, T., & Barr, N. F. (2001). The adoption of sustainable practices: Some new
insights. An analysis of drivers and constraints for the adoption of sustainable practices
derived from research. Land & Water Australia, Canberra.
Dayer, A. A., Stedman, R. C., Allred, S. B., Rosenberg, K. V., & Fuller, A. K. (2016).
Understanding landowner intentions to create early successional forest habitat in the
northeastern United States. Wildlife Society Bulletin, 40(1), 59-68.
https://doi.org/10.1002/wsb.613
DeCoster, J. (2006). Testing group differences using t-tests, ANOVA, and nonparametric
measures. Retrieved July 2019 from http://www.stat-help.com/notes.html
DeVellis, R. F. (2012). Scale development: Theory and applications (3rd ed.). Thousand Oaks,
CA: Sage Publications.
81

Dillman, D. A. (2000). Mail and internet surveys: The tailored design method (2nd ed.). New
York, NY: John Wiley & Sons, Inc.
Ervin, C. A., & Ervin, D. E. (1982). Factors affecting the use of soil conservation practices:
Hypotheses, evidence, and policy implications. Land Economics, 58(3), 277-292.
https://doi.org/10.2307/3145937
Fishbein, M., & Ajzen, I. (2015). Predicting and changing behavior: The reasoned action
approach. New York, NY: Routledge.
Fisher, M. R. (1996). Estimating the effect of nonresponse bias on angler surveys. Transactions
of the American Fisheries Society, 125(1), 118-126. https://doi.org/10.1577/15488659(1996)125<0118:ETEONB>2.3.CO;2
Floress, K., de Jalón, S. G., Church, S. P., Babin, N., Ulrich-Schad, J. D., & Prokopy, L. S.
(2017). Toward a theory of farmer conservation attitudes: Dual interests and willingness
to take action to protect water quality. Journal of Environmental Psychology, 53, 73-80.
https://doi.org/10.1016/j.jenvp.2017.06.009
Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable
variables and measurement error. Journal of Marketing Research, 18(1), 39-50.
https://www.jstor.org/stable/3151312
Gallai, N., Salles, J. M., Settele, J., & Vaissière, B. E., (2009). Economic valuations of the
vulnerability of world agriculture confronted with pollinator decline. Ecological
Economics, 68(3), 810-821. https://doi.org/10.1016/j.ecolecon.2008.06.014
Garbach, K., & Long, R. F. (2017). Determinants of field edge habitat restoration on farms in
California’s Sacramento Valley. Journal of Environmental Management, 189, 134-141.
https://doi.org/10.1016/j.jenvman.2016.12.036
Garibaldi, L. A., Aizen, M. A., Klein, A. M. Cunningham, S. A., & Harder, L. D. (2011). Global
growth and stability of agricultural yield decrease with pollinator dependence.
Proceedings of the National Academy of Sciences, 108(14), 5909-5914.
https://doi.org/10.1073/pnas.1012431108
Gosling, E., & Williams, K. J. H. (2010). Connectedness to nature, place attachment and
conservation behaviour: Testing connectedness theory among farmers. Journal of
Environmental Psychology, 30(3), 298-304. http://doi.org/10.1016/j.jenvp.2010.01.005
Greiner, R. (2015). Motivations and attitudes influence farmers’ willingness to participate in
biodiversity conservation contracts. Agricultural Systems, 137, 154-165.
https://doi.org/10.1016/j.agsy.2015.04.005
Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2009). Multivariate data analysis (7th
ed.). Upper Saddle River, N.J.: Prentice Hall.
Hair, J. F., Ringle, C. M., & Sarstedt, M. (2011). PLS-SEM: Indeed a silver bullet. Journal of
Marketing Theory and Practice, 19(2), 139-152. https://doi.org/10.2753/MTP10696679190202
82

Hanes, S. P., Collum, K. K., Hoshide, A. K., & Asare, E. (2015). Grower perceptions of native
pollinators and pollinator strategies in the lowbush blueberry industry. Renewable
Agriculture and Food Systems, 30(2), 124-131.
https://doi.org/10.1017/S1742170513000331
Hoover, S. E. R., Ladley, J. J., Shchepetkina, A. A., Tisch, M., Gieseg, P., & Tylianakis, J. M.
(2012). Warming, CO2, and nitrogen deposition interactively affect a plant-pollinator
mutualism. Ecology Letters, 15(3), 227-234. https://doi.org/10.1111/j.14610248.2011.01729.x
Hunter, J. E., & Schmidt, F. L. (1990). Methods of meta-analysis: Correcting error and bias in
research findings. Newbury Park, CA: Sage Publications, Inc.
Kennedy, C. M., Lonsdorf, E., Neel, M. C., Williams, N. M., Ricketts, T. H., Winfree, R., …
Kremen, C. (2013). A global quantitative synthesis of local and landscape effects on wild
bee populations in agroecosystems. Ecology Letters, 16(5), 584-599.
https://doi.org/10.1111/ele.12082
Kittredge, D. B., Gianotti, A. G. S., Hutyra, L. R., Foster, D. R., & Getson, J. M. (2015).
Landowner conservation awareness across rural-to-urban gradients in Massachusetts.
Biological Conservation, 184, 79-89. https://doi.org/10.1016/j.biocon.2015.01.001
Klein, A. M., Vaissiere, B. E., Cane, J. H., Steffan-Dewenter, I., Cunningham, S. A., Kremen,
C., & Tscharntke, T. (2007). Importance of pollinators in changing landscapes for world
crops. Proceedings of the Royal Society B: Biological Sciences, 274(1608), 303-313.
http://doi.org/10.1098/rspb.2006.3721
Knowler, D., & Bradshaw, B. (2007). Farmers’ adoption of conservation agriculture: A review
and synthesis of recent research. Food Policy, 32(1), 25-48.
https://doi.org/10.1016/j.foodpol.2006.01.003
Kovács-Hostyánszki, A., Espíndola, A., Vanbergen, A. J., Settele, J., Kremen, C., & Dicks, L. V.
(2017). Ecological intensification to mitigate impacts of conventional intensive land use
on pollinators and pollination. Ecology Letters, 20(5), 673-689.
https://doi.org/10.1111/ele.12762
Liu, T., Bruins, R., & Heberling, M. (2018). Factors influencing farmers’ adoption of best
management practices: A review and synthesis. Sustainability, 10(2), 432.
https://doi.org/10.3390/su10020432
Lokhorst, A. M., Hoon, C., le Rutte, R., & de Snoo, G. (2014). There is an I in nature: The
crucial role of the self in nature conservation. Land Use Policy, 39, 121-126.
https://doi.org/10.1016/j.landusepol.2014.03.005
Losey, J., Vaughan, M., The economic value of ecological services provided by insects.
BioScience, 56(4), 311-323. https://doi.org/10.1641/00063568(2006)56[311:TEVOES]2.0.CO;2

83

Mader, E., Shepherd, M., Vaughan, M., Black, S. H., & LeBuhn, G. (2011). Attracting native
pollinators: Protecting North America’s bees and butterflies. North Adams, MA: Storey
Publishing.
Mascia, M., Brosius, J. P., Dobson, T. A., Forbes, B. C., Horowitz, L., McKean, M. A., &
Turner, N. J. (2003). Conservation and the social sciences. Conservation Biology, 17(3),
649-650. https://doi.org/10.1046/j.1523-1739.2003.01738.x
McGuire, J., Morton, L. W., & Cast, A. D. (2013). Reconstructing the good farmer identity:
Shifts in farmer identities and farm management practices to improve water quality.
Agriculture and Human Values, 30(1), 57-69. https://doi.org/10.1007/s10460-012-9381-y
Moder, K. (2010). Alternatives to F-test in one way ANOVA in case of heterogeneity of
variances (a simulation study). Psychological Test and Assessment Modeling, 52(4), 343353.
Morandin, L. A., & Kremen, C. (2013). Hedgerow restoration promotes pollinator populations
and exports native bees to adjacent fields. Ecological Applications, 23(4), 829-839.
https://doi.org/10.1890/12-1051.1
Munyuli, T. (2011). Farmers’ perceptions of pollinators’ importance in coffee production in
Uganda. Agricultural Sciences, 2(3), 318-333. https://doi.org/10.4236/as.2011.23043
Pannell, D. J., Marshall, G. R., Barr, N., Curtis, A., Vanclay, F., & Wilkinson, R. (2006).
Understanding and promoting adoption of conservation practices by rural landholders.
Australian Journal of Experimental Agriculture, 46(11), 1407-1424.
https://doi.org/10.1071/EA05037
Pelletier, M. J., & Collier, J. E. (2018). Experiential purchase quality: Exploring the dimensions
and outcomes of highly memorable experiential purchases. Journal of Service Research,
21(4), 456-473. https://doi.org/10.1177/1094670518770042
Peter, G., Bell, M. M., Jarnagin, S., & Bauer, D. (2000). Coming back across the fence:
Masculinity and the transition to sustainable agriculture. Rural Sociology, 65(2), 215-233.
https://doi.org/10.1111/j.1549-0831.2000.tb00026.x
Petrzelka, P., Ma, Z., & Malin, S. (2013). The elephant in the room: Absentee landowner issues
in conservation and land management. Land Use Policy, 30(1), 157-166.
https://doi.org/10.1016/j.landusepol.2012.03.015
Podsakoff, P. M., MacKenzie, S. B., Lee, J.-Y., & Podsakoff, N. P. (2003). Common method
bias in behavioral research: A critical review of the literature and recommended
remedies. Journal of Applied Psychology, 88(5), 879-903.
https://dx.doi.org/10.1037/0021-9010.88.5.879
Pretty, J., & Smith, D. (2004). Social capital in biodiversity conservation and management.
Conservation Biology, 18(3), 631-638. https://doi.org/10.1111/j.1523-1739.2004.00126.x
Prokopy, L. S., Floress, K., Klotthor-Weinkauf, D., & Baumgart-Getz, A. (2008). Determinants
of agricultural best management practice adoption: Evidence from the literature. Journal
of Soil and Water Conservation, 63(5), 300-311. https://doi.org/10.2489/63.5.300
84

Ranjan, P., Wardropper, C. B., Eanes, F. R., Reddy, S. M., Harden, S. C., Masuda, Y. J., &
Prokopy, L. S. (2019). Understanding barriers and opportunities for adoption of
conservation practices on rented farmland in the US. Land Use Policy, 80, 214-233.
https://doi.org/10.1016/j.landusepol.2018.09.039
Recreational Boating & Fishing Foundation [RBFF]. (2019). R3 info & state examples.
Retrieved from https://www.takemefishing.org/r3/
Reimer, A. P., Weinkauf, D. K., & Prokopy, L. S. (2012). The influence of perceptions on
practice characteristics: An examination of agricultural best management practice
adoption in two Indiana watersheds. Journal of Rural Studies, 28(1), 118-128.
https://doi.org/10.1016/j.jrurstud.2011.09.005
Rickenbach, M. (2009). Serving members and reaching others: The performance of social
networks of a landowner cooperative. Forest Policy and Economics, 11(8), 593-599.
https://doi.org/10.1016/j.forpol.2009.08.006
Rogers, E. M. (2003). Diffusion of innovations (5th ed.). New York, NY: The Free Press.
Ruxton, G. D., & Beauchamp, G. (2008). Time for some a priori thinking about post hoc testing.
Behavioral Ecology, 19(3), 690-693. https://doi.org/10.1093/beheco/arn020
Soule, M. J., Tegene, A., & Wiebe, K. D. (2000). Land tenure and the adoption of conservation
practices. American Journal of Agricultural Economics, 82(4), 993-1005.
https://doi.org/10.1111/0002-9092.00097
Steenkamp, J.-B. E. M., & Baumgartner, H. (1998). Assessing measurement invariance in crossnational consumer research. Journal of Consumer Research, 25(1), 78-90.
https://doi.org/10.1086/209528
Sunderland, T. C. H. (2011). Food security: Why is biodiversity important? International
Forestry Review, 13(3), 265-274. https://doi.org/10.1505/146554811798293908)
Tscharntke, T., Clough, Y., Wanger, T. C., Jackson, L., Motzke, I., Perfecto, I., … Whitbread, A.
(2012). Global food security, biodiversity conservation and the future of agricultural
intensification. Biological Conservation, 151(1), 53-59.
https://doi.org/10.1016/j.biocon.2012.01.068
van der Sluijs, J., & Vaage, N. (2016). Pollinators and global food security: the need for holistic
global stewardship. Food Ethics, 1(1), 75-91. https://doi.org/10.1007/s41055-016-0003-z

85

CHAPTER IV
IMPROVING POLLINATOR CONSERVATION PRACTICE ADOPTION:
RECOMMENDATIONS BASED ON LANDHOLDER SEGMENTATION
4.1

Abstract
The development of targeted messaging based on landholder segmentation has been

repeatedly recommended by conservation practice adoption researchers because it allows for the
promotion of more specific and applicable efforts, resulting in greater practice adoption. An
increased impetus for private landholder involvement in pollinator conservation has led to
greater promotional efforts of pollinator best management practices (BMPs); however, gaps
remain between BMP promotion and adoption. Landholder segmentation research is essential to
further promote pollinator conservation efforts, as it incorporates socio-psychological aspects
that have been fundamentally missing from the majority of previous pollinator research. In this
study, I attempted to address the adoption gap by segmenting Mississippi landholders in two
ways: 1) clustering based on a combination of landholder characteristics, and 2) heuristic
classifications based on primary land use type and geographic region. The resulting landholder
segmentations included four clusters (i.e., Constrained Non-Adopters, Potential Adopters,
Discontinued Adopters, and Retained Adopters), three land use type classifications (i.e.,
Agriculture Landholders, Timber Landholders, and Non-Production Landholders), and three
geographic region classifications (i.e., North Mississippi (MS) Landholders, MS Delta
Landholders, and South MS Landholders). Several significant differences were found among
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these groups in regards to their land sizes, attitudes, constraints, and intentions to adopt
pollinator BMPs. Based on these differences, I developed recommendations for targeted
educational and outreach efforts, including practice specific messaging and hands-on, skill
building opportunities. Finally, I provided future research recommendations that encourage the
continued study of the human dimensions of pollinator conservation.
4.2

Introduction
Insect pollinator species and private landholders are inextricably linked by the services

provided by the former and the practices implemented by the latter. Pollinators provide the
essential ecosystem service of pollination to approximately 90% of plant species, yet a
combination of stressors including habitat loss and increased pesticide use are continually
contributing to population declines (Evans, Llanos, Kunin, & Evison, 2018; Goulson, Nicholls,
Botías, & Rotheray, 2015; Kearns, Inouye, & Waser, 1998; Potts et al., 2010). Private
landholders are linked to these causes of decline through societal demands and preferences for
agricultural commodities, timber products, and manicured lawns, resulting in loss of early
successional habitat and increased chemical use in these landscapes. Conservation practices
implemented on public lands are important yet insufficient to adequately support biodiversity
(Kamal, Grodzińska-Jurczak, & Brown, 2015); thus, increased engagement of private
landholders through targeted messaging and outreach opportunities developed from
segmentation methods is necessary.
Research regarding segmentation of landholders and land use types has been ongoing for
decades to improve the effectiveness of development programs. Most segmentation research is
accomplished through the creation of multidimensional landholder profiles that assess
similarities and differences of variables, including attitudes, values, socio-economic attributes,
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and adoption of environmental practices (Emtage, Herbohn, & Harrison, 2006). Studies have
shown the importance of variable selection for improving understanding of similarities and
differences of various land use types, such as agriculture, by combining aspects rather than
conducting individual studies of specific characteristics (Kostrowicki, 1977). Variable selection
will also indicate which type of “learning” is occurring: 1) supervised learning (i.e.,
classification) using “labeled data” that has known category labels, or 2) unsupervised learning
(i.e., clustering) using “unlabeled data” and algorithms to determine the natural groupings (Jain,
2010, p. 651). Segmentation of landholders based on these techniques is beneficial to develop
targeted messaging opportunities and to provide policy recommendations to meet goals such as
ecological restoration (Nielsen-Pincus, Ribe, & Johnson, 2015). Targeted messaging and policy
recommendations vary based on landholding characteristics and landholder attributes. For
instance, the top three types of land use of the estimated 2.3 billion acres of land in the United
States (US), are grassland pasture and range (~655 million acres), forest-use land (~632 million
acres), and cropland (~392 million acres), and approximately 60 percent of the land (~1.37
billion acres) is privately-owned (Bigelow & Borchers, 2017). Variations in land use type and
landholder attributes influence how land is managed. For example, previous researchers have
shown forest landholders to have varied ownership objectives including amenity, multipleobjective, and timber-oriented (e.g., Khanal et al., 2017), and multiple-objective, timber, and
non-timber (e.g., Majumdar, Teeter, & Butler, 2008). Landholders primarily focused on
consumptive uses of their property (e.g., timber production or hunting) may benefit from
messaging or recommendations focused on financial support, whereas those primarily focused on
non-consumptive uses (e.g., biodiversity or aesthetic beauty) may benefit from a wider array of
support and policy options (Majumdar et al., 2008). To account for these variations,
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segmentation approaches can be used to provide a better understanding of the similarities and
differences of landholders and their properties, which may increase the efficacy of targeted
messaging and policy recommendations.
Most segmentation research focused on conservation initiatives has been conducted with
agricultural and nonindustrial private forest landholders, as they are a potential wellspring for
abiotic and biotic conservation efforts (e.g., Daloğlu, Nassauer, Riolo, Scavia, 2014; Dayer,
Allred, & Stedman, 2014; Khanal et al., 2017; Thompson, Reimer, Prokopy, 2015). However,
the clustering of landholders has varied both in technique and the variables used to create the
clusters. The most well-known clustering techniques used in research include hierarchical
clustering (e.g., Morrison, Durante, Greig, Ward, & Oczkowski, 2012; Nielsen-Pincus et al.,
2015), k means clustering (i.e., non-hierarchical) (e.g., Balukas, Bell, & Bauer, 2019; Kluender
& Walkingstick, 2000), two-step clustering (e.g., Joshi & Mehmood, 2011; Ross-Davis &
Broussard, 2007), and a mixture of hierarchical and non-hierarchical methods (e.g., Dayer et al.,
2014; Majumdar et al., 2008; Thompson et al., 2015). A variety of landholder attribute variables
have been used to form the respondent clusters produced by these techniques including
ownership motivations and objectives (e.g., Khanal et al., 2017; Sorice, Kreuter, Wilcox, & Fox
III, 2014), attitudes (e.g., Jansujwicz, Calhoun, Leahy, & Lilieholm, 2013; Thompson et al.,
2015), and information seeking behavior (e.g., G.C., Mehmood, & Schelhas, 2009; Morrison et
al., 2012). Some studies have also used a mixture of landholding and landholder variables to
deepen knowledge of influences on decision-making processes (e.g., Hammes, Eggers, Isselstein,
& Kayser, 2016; Kluender & Walkingstick, 2000; Ross-Davis & Broussard, 2007; Strong &
Jacobson, 2006).
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Whereas many of the aforementioned clustering methods are based on theoretical
constructs developed in survey research, outreach and Extension agents do not always have
access to this information in the field (Dayer et al., 2014). Thus, it can be beneficial to approach
landholder segmentation with emphasis on heuristically partitioning groups that are accessible
for management purposes using practical information to which outreach and Extension agents
have access, such as primary land use type and geographic or edaphic regions. This type of
segmentation is more aligned with classification methods. Classification based on distinct
categorical data may be easier to segment and analyze for group differences, yet some have
criticized the simplification based on binary choice models and use of mutually exclusive group
assignments does not take into account the complexity of an individual’s varied attitudes or
behaviors the way that a probabilistic approach would (e.g., Ficko & Boncina, 2013). Hence, it is
important to carefully consider variable selection and the interpretation of results. For example,
classification based on region can be as simple as using subjective boundaries that have ascribed
meaning to complex boundaries created by integrating geographic, edaphic, physiographic, and
climatic data (for an example see Host, Polzer, Mladenoff, White, & Crow, 1996). Although
there have been multiple studies attempting to segment agricultural and forest landholders for
targeted conservation messaging and policy recommendations (e.g., Majumdar et al., 2008;
Pouta, Myyrä, & Hänninen, 2011; Wilson, Harper, & Darling, 2013), none have specifically
regarded pollinator conservation practice adoption and messaging opportunities.
Most pollinator conservation research focuses on biological and ecological aspects such
as pollinator habitat requirements, causes of population decline, and effects from land
management decisions (e.g., Evans et al., 2018; Goulson et al., 2015; Kearns et al., 1998;
Pitman, Flockhart, & Norris, 2018; Ponisio et al., 2016); however, some have recently branched
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into sociological aspects by reviewing and arguing for the need for greater policy protection
(e.g., Agrawal, Altizer, Hunter, Marra, & Wolf, 2019; Forister, Pelton, & Black, 2019; Hall &
Steiner, 2019). Nevertheless, the direct aspect of targeting private landholders to increase
pollinator best management practice (BMP) adoption is still undeveloped. Thus, in this study, I
sought to extend human dimensions research into the pollinator conservation field to initiate
endeavors for future targeted educational and outreach (e.g., Extension) effort recommendations
for private landholders. The purpose of this study was two-fold: 1) implement both clustering
and heuristic classification methodologies to review data collected from a Mississippi landholder
survey to determine potentially valuable segments and their differences; and 2) develop initial
targeted educational and outreach effort recommendations based on generated segments. I did
not develop specific hypotheses for the segmentation methods as I had no a priori information
about how respondents would cluster. However, based on results from the multiple two-group
analyses in Chapter III, I did expect to observe some differences among groups in landholder
attitudes, constraints, normative pressures, intentions, knowledge, and communication channel
use. This study will contribute knowledge to the fields of pollinator conservation and landholder
adoption research by providing insights into differences of essential socio-psychological aspects
among segmentations and recommendations for targeted educational and outreach efforts
necessary to encourage greater adoption of pollinator BMPs.
4.3
4.3.1

Methods
Study Population
The data generated for this study came from a self-administered mail survey I conducted

of Mississippi landholders during summer 2018. Properties were randomly selected from a
Mississippi tax database using SAS version 9.4 and the PROC SURVEYSELECT statement,
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which covered each of the 82 counties. Mississippi was chosen as the study location because
minimal pollinator research has been conducted in the Southeast as compared to other regions
like the Midwest (e.g., Blaauw & Isaacs, 2014; Davros, Debinski, Reeder, & Hohman, 2006;
Lowenstein, Matteson, Xiao, Silva, & Minor, 2014; Pleasants & Oberhauser, 2013).
Additionally, because the top five agricultural enterprises in Mississippi (i.e., poultry and eggs,
forestry, soybeans, cotton, and corn; MDAC, 2019) do not heavily rely on pollination, the
location will serve as a novel comparison to future studies of landholders in more pollinatordependent landscapes. Over 90% of the property in Mississippi is privately-owned and the
predominate land use types are agriculture and timber production (CRS, 2017; MSU, 2017;
USDA, 2018). This variety of land use type provided an opportunity to observe how landholder
attributes related to pollinator BMPs may vary in terms of their attitudes, knowledge, and
intentions. To review additional specifics regarding the study population, see Chapter II.
4.3.2

Questionnaire Development
I developed an eight-page questionnaire based on the Theory of Planned Behavior (TPB;

Fishbein & Ajzen, 2015) and Diffusion of Innovation Theory (DoI; Rogers, 2003) to specifically
investigate landholder attributes including their attitudes, knowledge, normative pressures,
constraints, intentions to adopt pollinator BMPs, and communication channel use. To review the
questionnaire development and modifications regarding these TPB and DoI attributes, including
the constructs used, their definitions, and edits, see Chapters II and III. In addition to the
theoretically-based questions previously covered in Chapters II and III, I posed some general
knowledge and intentions questions related to knowledge of pollinator habitat benefits and
importance of landholder action, and intentions to learn more about pollinator BMPs and to
encourage others to use them. Additionally, I asked more general questions regarding the
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landholder and their landholding, including their age, gender, income, education, organizational
involvement, the property’s primary type of land use, the size of the property in acres, and if the
property was enrolled in any Farm Bill conservation programs. In subsequent segmentation
analyses, I used the reported property size acreage rather than the values provided by the tax
landowner database as numerous respondents reported property changes (e.g., selling and buying
portions of land) since the last tax database update. However, I recognize respondent reporting
may not be entirely accurate because of potential digital preference or digit bias, which creates
inaccurate peaks of reported numbers as they end in specific digits (e.g., 0 or 5) rather than the
true number (Vaske, Beaman, Manfredo, Covey, & Knox, 1996). Nevertheless, these values
were still useful in landholder group comparisons.
4.3.3

Survey Implementation and Response
I followed Dillman’s (2000) Tailored Design Method for the survey dissemination

process, including three waves of mailings and a postcard reminder. To see specifics regarding
survey implementation, see Chapters II and III. Exactly 1,429 Mississippi landholders responded
to the survey. After correcting for non-deliverables (n = 286) a 38.5% effective response rate was
achieved. A final usable total of 924 respondents was obtained after removing non-eligibles (e.g.,
respondents who had refused the survey, were no longer managing or holding the property, were
reported as being deceased, or were suspected of acquiescence or response set bias). Nonresponse techniques were used to check the sample for non-response bias (Fisher, 1996) and no
significant values were found. Therefore, it was unnecessary to weight results to be generalizable
to the population of landholders in Mississippi.
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4.3.4

Data Analysis
Prior to cluster and classification segmentation analyses, I conducted reliability and

validity analyses including principal axis factoring on each of the TPB and DoI measurement
constructs (e.g., Attitudes, Injunctive Norms, Perceived Behavioral Control, Intentions,
Knowledge, Knowledge Stage Communication Channel (KSCC), Professional Persuasion Stage
Communication Channel (PSCC), and Personal PSCC). See Chapters II and III for detail on
these analyses. The constructs had varied final numbers of indicators; therefore, I calculated the
mean scores for each construct for standardization purposes and ease of use for the cluster and
classification analyses.
4.3.4.1

Cluster Analysis
Cluster analysis is a post hoc segmentation of data in which there is a greater trait

similarity within groups than among groups. Specifically, the goal is to minimize inter-cluster
distance while maximizing intra-cluster distance (Caliński & Harabasz, 1974). This analysis is
conducted by applying statistical techniques with collected data on various attributes to construct
segments. Clustering has been referred to as subjective segmentation, as the methods can range
from primarily exploratory approaches to using statistical models as a basis to implement formal
procedures (Fraley & Raftery, 1998). Two of the main clustering techniques often used in
research are hierarchical and non-hierarchical (e.g., k means) (Jain, 2010). Hierarchical
clustering can be beneficial from an exploratory standpoint as it does not require a priori
knowledge of number of clusters (Majumdar et al., 2008); however, it may not perform well with
large datasets as the number of grouping possibilities increases substantially with increasing n
number of observations (see Caliński & Harabasz, 1974). K means is widely used because of its
simplicity, efficiency, and implementation ease (Jain, 2010); however, it requires the number of
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clusters to be specified in advance. Because my sample had a large number of observations and I
had no a priori information about how many clusters would form, I choose the two-step
clustering method. Two-step clustering is a type of hierarchical clustering that was developed to
better analyze large data sets. Reflective of its name, this method involves two steps: 1) preclustering of cases using a sequential approach, and 2) clustering of cases using a statistical
model based hierarchical technique. Further, this method allows the use of mixed type attributes
(i.e., categorical and continuous variables) and addresses outliers through a noise handling
procedure (Bacher, Wenzig, & Volger, 2004).
I used IBM SPSS Statistics version 26 (SPSS) to conduct a two-step cluster analysis to
form distinct clusters of landholders using a combination of categorical (e.g., previous pollinator
BMP adoption behavior) and continuous (e.g., mean intentions to adopt pollinator BMPs, mean
knowledge regarding pollinator BMPs, and total property acreage) variables. The original sample
size (n = 924) was reduced to 898 for this analysis because 26 respondents did not report their
total property acreage size. Because my study was primarily focused on previous adoption
behavior and landholders’ intentions to adopt pollinator BMPs, I wanted to determine if the
landholders clustered in similar ways purported by Rogers (2003). Although I did not explicitly
request information regarding when the landholders started using these practices to develop an
adopter continuum similar to Rogers’ (2003), I believed valuable insight could still be gained by
integrating various attributes used to characterize adopters, including their previous adoption
behavior and knowledge. Previous research has purported including behavioral intentions in
cluster analyses can be beneficial to develop targeted messaging for respondents intending to
engage in unsustainable behaviors (Metcalf, Gruver, Finley, & Luloff, 2015), which is typically
the group most sought after in outreach and Extension efforts. Thus, I included behavioral
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intentions in my cluster analysis. Finally, farm size has been repeatedly shown to correlate more
often positively than negatively with increased adoption rates (e.g., Prokopy, Floress, KlotthorWeinkauf, & Baumgart-Getz, 2008; Ulrich-Schad, de Jalón, Babin, Pape, & Prokopy, 2017);
however, different conservation practices may influence this relationship between adoption and
farm size (Daloğlu et al., 2014). Although not restricted to farming, I included land size as a
variable as total property acreage. Additional variables were used in subsequent analyses to assist
in cluster interpretation rather than formation to avoid confounding the cluster results and
generating an increased amount of outlier clusters, as the goal is to minimize the dispersion
within-clusters (Marriot, 1971).
After the formation of the clusters, I used SPSS to conduct group differences tests. I
conducted Pearson chi-square tests to compare clusters with respect to categorical response
variables (McHugh, 2013), including residency, gender, primary land use type, participation in
conservation programs, and use of pollinator BMPs on additional landholdings, and reviewed
standardized residuals to determine the major contributors (i.e., values > 2 or < -2) to any
statistically significant findings (Hinkle, Wiersma, & Jurs, 2003). I conducted multivariate
analysis of variance (MANOVA) tests to compare clusters with respect to continuous response
variables (Bagozzi & Yi, 1989; DeCoster, 2006), including total acreage, age, knowledge, and
communication channel use, as well as attitudes, normative pressures, constraints, and intentions
regarding both habitat and chemical pollinator BMPs. Simultaneously, I conducted Levene’s test
of homogeneity of variance to inform my choices of using the Welch statistic in cases of unequal
variance, and, if significance was found, whether to use Tukey (equal variances assumed) or
Games-Howell (equal variances not assumed) post hoc multiple comparison tests (Moder, 2010;
Ruxton & Beauchamp, 2008; Shingala & Rajyaguru, 2015).
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4.3.4.2

Classification Analysis
I segmented survey respondents using two different heuristic classifications to determine

potential group differences. The first classification method was segmentation by land use type.
For this classification, I grouped respondents who answered the primary land use type question
(n = 883) into three segments: 1) those who indicated agriculture (e.g., animal and crop) as
Agriculture Landholders (26.3%; n = 232), 2) those who indicated timber production as Timber
Landholders (40.0%; n = 353), and 3) those who indicated residence, recreation, or other as NonProduction Landholders (33.7%; n = 298). The second classification method was geographic
segmentation based on similar simplified physiographic regions. For this classification, I
grouped respondents (n = 924) into three segments based on the county in which their property
was located: 1) North Mississippi Landholders (MS; 30 counties; 42.4%; n = 392), 2) MS Delta
Landholders (21 counties; 13.0%; n = 120), and 3) South MS Landholders (31 counties; 44.6%;
n = 412). I used ArcMap version 10.5.1 in ArcGIS Desktop software to visually display this
geographic classification (Figure 4.1). Similar to the methodology for the cluster analysis, I
conducted Pearson’s chi-square tests with similar categorical variables with the exception of
primary land use type for the land use type classification, and addition of previous adoption of
pollinator BMPs for both land use type and geographic classifications. I also conducted
MANOVAs with continuous variables. If significant differences were found, Tukey or GamesHowell post-hoc multiple comparison tests were executed depending on the results of Levene’s
test of homogeneity of variance.
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4.4
4.4.1

Results
Characteristics of All Respondents
The majority of respondents were older (M = 66.38 years, SD = 11.00, median = 67.00),

white (89.0%), males (72.0%), with an average property size of 145.61 acres (SD = 266.92,
median = 70.80). The plurality (40.0%) of respondents indicated timber production as their
property’s primary land use type, followed by animal agriculture (18.7%), residence (16.4%),
recreation/leisure (14.7%), and crop agriculture (7.6%). A few (2.6%) respondents wrote in other
land use types including hunting, hay, wildlife habitat, and leaving the land fallow. A minority
(13.5%) of respondents indicated their surveyed property was currently enrolled in a
conservation program, including the Conservation Reserve Program (5,450.5 total acreage
reported), Conservation Stewardship Program (1,357.0 total acreage reported), Environmental
Quality Incentives Program (1,280.5 total acreage reported), Agricultural Conservation Easement
Program (1,271.0 total acreage reported), and Wetland Reserve Program (169.0 total acreage
reported). Most (63.7%) respondents indicated they had adopted at least one pollinator BMP on
their surveyed property, while few (3.9%) reported they were using pollinator BMPs on other
landholdings.
Regarding the more general questions concerning pollinator BMPs and pollination, a
plurality of respondents indicated neutrality on the Likert scales when asked if they had
“adequate knowledge of the need to use pollinators BMPs” (41.4%) and “adequate knowledge of
the benefits of pollinator habitat” (37.7%). A plurality either agreed or strongly agreed with
having “adequate knowledge of the importance of pollination” (47.6%) and “adequate
knowledge of the importance of my action to provide pollinator habitat” (38.2%). A majority
(50.3%) indicated neutrality regarding their intention to “encourage others to use pollinators
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BMPs on their land” and a plurality (43.4%) indicated neutrality regarding their intention to
“learn more about pollinator BMPs”. Finally, to assess connectedness, respondents were also
asked if they belonged to various organizations, with the top four choices being: 1) “County
Agriculture or Farm-based Organization” (n = 120), 2) “County Forestry Organization” (n
=103), 3) “State-wide Forestry Organization” (n = 77), and 4) “State-wide Agriculture or Farmbased Organization” (n = 76).
4.4.2

Cluster Analysis
The two-step cluster analysis formed four distinct clusters of landholders. To avoid

reducing homogeneity within clusters, an outlier cluster (n = 13) was created with cases that
were markedly different from the others (Bacher et al., 2004; Ross-Davis & Broussard, 2007).
This cluster was not used in subsequent analyses. I named each of the four clusters based on their
defining characteristics (Table 4.1). Cluster 1 contained 135 cases (15.3%) and was named
Constrained Non-Adopters, Cluster 2 contained 179 cases (20.2%) and was named Potential
Adopters, Cluster 3 contained 270 cases (30.5%) and was named Discontinued Adopters, and
Cluster 4 contained 301 cases (34.0%) and was named Retained Adopters (Figure 4.2). Pearson
chi-square tests indicated the clusters were not homogenous with regard to residency, gender,
land use type, and pollinator BMP adoption on other landholdings (Tables 4.2 and 4.3).
4.4.2.1

Cluster 1 – Constrained Non-Adopters
This was the smallest of the clusters (15.3%; n = 135) and shared the behavior of never

previously adopting any pollinator BMPs with the Potential Adopters cluster (Table 4.1). The
average age of Constrained Non-Adopters was 67.79 years (± 0.94) and the majority (61.2%)
were males, with more female landholders than expected within this cluster (Tables 4.2 and 4.4).
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In comparison with the other clusters, Constrained Non-Adopters owned the smallest amount of
land (M = 89.48 acres ± 12.25). The majority (77.8%) were resident landholders, and the
predominate (48.1%) land use type was timber production, with less than expected landholders
in the agriculture land use type (Table 4.2). The plurality indicated either an average income of
$25,000 and $49,999 (15.5%) or $50,000 and $74,999 (15.5%), which was similar to the other
clusters. Constrained Non-Adopters also had similar education levels as the other clusters, with
the plurality (25.9%) indicating they were college graduates. Constrained Non-Adopters had the
greatest lack of knowledge and intentions toward adopting pollinator BMPs than the other cluster
types. Only a minority (9.2%) participated in conservation programs on their property and they
did not use pollinator BMPs on any of their other landholdings, which was less than expected
(Tables 4.3 and 4.4).
4.4.2.2

Cluster 2 – Potential Adopters
This was the second smallest cluster (20.2%; n = 179) and, similar to Constrained Non-

Adopters, the defining behavior was never previously adopting any pollinator BMPs (Table 4.1).
The majority (69.8%) of Potential Adopters were males and their average age was 66.06 years (±
0.82). Potential Adopters owned more land than Constrained Non-Adopters but less than
Discontinued and Retained Adopters (M = 95.57 acres ± 10.64). The majority (78.2%) were
resident landholders and the predominate (49.7%) land use type was timber production. Similar
to the other clusters, the plurality had an average income of $50,000 and $74,999 (24.7%) and
were college graduates (29.8%). Potential Adopters had more knowledge and greater intentions
to adopt pollinator BMPs than the Constrained Non-Adopters and Discontinued Adopters;
however, their responses were still on average neutral in regards to the scaled questions,
indicating a lack of knowledge and potential constraints. A minority (10.2%) of Potential
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Adopters were participating in conservation programs and few (3.6%) indicated use of pollinator
BMPs on their other landholdings (Table 4.4).
4.4.2.3

Cluster 3 – Discontinued Adopters
This cluster encompassed almost one-third of the sample (30.5%; n = 270) and the

defining behavior was the previous and discontinued use of pollinator BMPs (Table 4.1). The
average age of Discontinued Adopters was 67.51 years (± 0.67) and the majority (69.0%) were
males. The majority (85.2%) were also resident landholders and the average landholding size
was 115.69 acres (± 8.70). The predominate (43.3%) land use type was timber production. The
plurality indicated either an average income of $25,000 and $49,999 (19.1%) or $50,000 and
$74,999 (19.1%) and were college graduates (25.7%). In comparison with Constrained NonAdopters, Discontinued Adopters had more knowledge and intentions to adopt pollinators BMPs;
however, they were still less knowledgeable and less likely to adopt compared to Potential and
Retained Adopters. A minority (12.4%) of Discontinued Adopters were participating in
conservation programs and, similar to Potential Adopters, few (3.2%) indicated use of pollinator
BMPs on their other landholdings (Table 4.4).
4.4.2.4

Cluster 4 – Retained Adopters
This cluster was the largest of the sample (34.0%; n = 301) and the defining behavior was

the current use of pollinator BMPs (Table 4.1). In comparison with the other clusters, Retained
Adopters represented the largest majority (79.7%) of males, with less than expected female
landholders within this cluster. Retained Adopters also had the largest majority (89.4%) of
resident landholders, with less than expected non-residents (Tables 4.2 and 4.4). Their average
age of 64.85 years (± 0.64) was significantly less than Constrained Non-Adopters (-2.95 years ±
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1.13, p = 0.048) and Discontinued Adopters (-2.67 years ± 0.92, p = 0.021). Retained Adopters
also had significantly more land (M = 152.28 acres ± 8.29) than Constrained Non-Adopters
(62.79 acres ± 13.31, p < 0.001), Potential Adopters (56.70 acres ± 13.43, p < 0.001), and
Discontinued Adopters (36.59 acres ± 13.50, p = 0.035) (Tables 4.4 and 4.5). The predominate
(36.5%) land use type was agriculture production, which was greater than expected, and there
were less than expected landholders using land for timber production (Table 4.2). Retained
Adopters were similar to the other clusters in regards to income, with the plurality (21.4%)
having an average income between $50,000 and $74,999, yet dissimilar from the other clusters in
regards to education, with the plurality (32.6%) indicating some college as the highest education
level attained. Retained Adopters had the greatest knowledge and intentions to adopt pollinator
BMPs in comparison with the other clusters. Although still low percentagewise, Retained
Adopters had the highest participation (16.6%) in conservation programs and used more (7.1%)
pollinator BMPs on other landholdings than the other clusters; however, this use of pollinator
BMPs was greater than expected (Tables 4.3 and 4.4).
4.4.2.5

Cluster Comparison Regarding Theoretical Constructs
There were statistically significant differences among cluster types regarding every TPB

and DoI construct tested (F(42,2552) = 16.59, p < 0.001, Wilks’ Λ = 0.49, partial η2 = 0.212;
Tables 4.5 and 4.6). Tukey post hoc tests revealed Retained Adopters had the most favorable
attitudes regarding pollinator habitat and chemical BMPs as compared to Constrained NonAdopters (habitat: p < 0.001; chemical: p < 0.001), Potential Adopters (habitat: p < 0.001;
chemical: p < 0.001), and Discontinued Adopters (habitat: p < 0.001; chemical: p = 0.001).
Constrained Non-Adopters also had less favorable habitat BMP attitudes than Potential Adopters
(p < 0.001), and less favorable habitat and chemical BMP attitudes than Discontinued Adopters
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(habitat: p < 0.001; chemical: p < 0.001). Regarding habitat and chemical BMP perceived
normative pressures, Games-Howell post hoc tests revealed significant differences between
Constrained Non-Adopters and Potential Adopters (habitat: p < 0.001; chemical: p < 0.001),
Discontinued Adopters (habitat: p < 0.001; chemical: p < 0.001), and Retained Adopters
(habitat: p < 0.001; chemical: p < 0.001), indicating they perceived less social norm pressure.
Tukey post hoc tests revealed significant differences regarding perceived behavioral
control of using habitat and chemical BMPs, with Retained Adopters having the least amount of
constraint as compared to Constrained Non-Adopters (habitat: p < 0.001; chemical: p < 0.001),
Potential Adopters (habitat: p < 0.001; chemical: p < 0.001), and Discontinued Adopters
(habitat: p < 0.001; chemical: p < 0.001). There were additional significant differences
indicating Constrained Non-Adopters felt more constrained than Potential Adopters (habitat: p <
0.001; chemical: p < 0.001) and Discontinued Adopters (habitat: p < 0.001; chemical: p <
0.001). Games-Howell post hoc tests revealed significant differences regarding intentions to
adopt habitat and chemical BMPs, with Retained Adopters having the greatest intentions in
comparison with Constrained Non-Adopters (habitat: p < 0.001; chemical: p < 0.001), Potential
Adopters (habitat: p = 0.001; chemical: p = 0.001), and Discontinued Adopters (habitat: p <
0.001; chemical: p < 0.001). Constrained Non-Adopters also had lesser intentions to adopt than
Potential Adopters (habitat: p < 0.001; chemical: p < 0.001) and Discontinued Adopters (habitat:
p < 0.001; chemical: p < 0.001). Additionally, Potential Adopters had greater intentions to adopt
chemical BMPs than Discontinued Adopters (p = 0.023).
Regarding knowledge of using pollinator BMPs, a Games-Howell post hoc test revealed
significant differences with Retained Adopters having the most knowledge in comparison with
Constrained Non-Adopters (p < 0.001), Potential Adopters (p < 0.001), and Discontinued
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Adopters (p < 0.001). Constrained Non-Adopters also had less knowledge than Potential
Adopters (p < 0.001) and Discontinued Adopters (p < 0.001). A Tukey post hoc test revealed
significant differences regarding knowledge stage communication channel use with Constrained
Non-Adopters using it the least as compared to Potential Adopters (p = 0.033), Discontinued
Adopters (p < 0.001), and Retained Adopters (p < 0.001). Potential Adopters also used the
communication channel less than Retained Adopters (p < 0.001). Regarding both professional
and personal persuasion stage communication channel use, Games-Howell post hoc tests
revealed significant differences, with Constrained Non-Adopters using them the least as
compared to Potential Adopters (professional: p = 0.001; personal: p = 0.005), Discontinued
Adopters (professional: p < 0.001; personal: p < 0.001), and Retained Adopters (professional: p
< 0.001; personal: p < 0.001). Retained Adopters also used the channels more than Potential
Adopters (professional: p = 0.001; personal: p < 0.001) and Discontinued Adopters
(professional: p = 0.017; personal: p = 0.029). For a full listing of group means and individual
pairwise comparison values see Tables 4.5 and 4.6.
4.4.3

Classification Analysis
For the land use type classification, Pearson chi-square tests indicated the segments were

not homogenous with regard to residency, gender, participation in conservation programs, and
previous adoption of pollinator BMPs (Tables 4.2 and 4.3). For the geographic region
classification, a Pearson chi-square test indicated the segments were not homogenous with regard
to land use type (Table 4.2).
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4.4.3.1

Land Use Type 1 – Agriculture Landholders
This land use classification segment encompassed the smallest portion of the sample

(26.3%; n = 232) and was defined by the primary land use type of agriculture. In comparison
with the other land use segments, Agriculture Landholders had the highest majority (82.5%) of
males, with less female landholders than expected within this segment (Tables 4.2 and 4.7).
Their average age was 64.54 years (± 0.72), and they held the largest average amount of land (M
= 187.54 acres ± 17.86), which was significantly more than Non-Production Landholders (78.45
acres ± 25.79, p = 0.007) (Tables 4.7 and 4.8). Agriculture Landholders also had the greatest
majority (91.4%) of residents as compared to the other land use segments, with less than
expected non-residents (Table 4.2). The plurality had an average income of $50,000 and $74,999
(24.2%), which was similar to Timber Landholders, and indicated some college as their highest
level of education (30.3%). The majority (77.6%) of Agriculture Landholders had previously
adopted at least one pollinator BMP; however, the observed amount of non-adopters was less
than expected while the observed amount of adopters was greater than expected (Table 4.3).
Agriculture Landholders had the highest knowledge of and intentions to adopt pollinator BMPs
of the land use segments (Table 4.9). However, they had the lowest participation (15.5%) in
conservation programs on their property and lowest use (2.8%) of pollinator BMPs on other
landholdings compared to the other land use segments (Table 4.7).
4.4.3.2

Land Use Type 2 – Timber Landholders
This land use classification segment encompassed the plurality of the sample (40.0%; n =

353) and was defined by the primary land use type of timber production. Timber Landholders
had the highest average age (M = 68.41 years ± 0.59), which was significantly older than
Agriculture Landholders (3.87 years ± 0.92, p < 0.001) and Non-Production Landholders (3.64
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years ± 0.87, p < 0.001) (Tables 4.2 and 4.7). The majority (69.7%) of Timber Landholders were
males and the average property size was 155.09 acres (± 14.54). The majority (78.5%) were
resident landholders, with greater than expected non-residents within this segment (Table 4.2).
The plurality of Timber Landholders had an average income of $50,000 and $74,999 (23.2%)
and were college graduates (27.1%). The majority (58.1%) of Timber Landholders had
previously adopted at least one pollinator BMP; however, the observed amount of non-adopters
was greater than expected (Table 4.3). Timber Landholders’ knowledge was the lowest of the
land use segments and they did not indicate high agreement regarding intentions to adopt (Tables
4.9). They had the highest participation (17.6%) in conservation programs on their property;
however, this participation frequency was greater than expected (Tables 4.3 and 4.7). Timber
Landholders also had the highest use (4.9%) of pollinator BMPs on other landholdings compared
to the other land use segments (Table 4.7).
4.4.3.3

Land Use Type 3 – Non-Production Landholders
This land use classification segment encompassed one-third of the sample (33.7%; n =

298) and was defined by using land for reasons other than production, including recreation,
leisure, and residence. In comparison with the other land use segments, Non-Production
Landholders had the lowest majority (68.1%) of males and their average age was 64.77 years (±
0.64). The majority (85.9%) were residents and they held the smallest average amount of land (M
= 109.09 acres ± 15.76) compared to the other land use segments (Table 4.7). The plurality
(21.8%) had an average income of $25,000 and $49,999, which was less than the other land use
segments. Similar to Timber Landholders, the plurality (28.5%) of Non-Production Landholders
were college graduates. The majority (63.8%) of Non-Production Landholders had previously
used at least one pollinator BMP, although they indicated a lack of knowledge and intentions to
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use pollinator BMPs on their property (Tables 4.7 and 4.9). Their participation level (17.4%) in
conservation programs was similar to Timber Landholders; however, the observed participation
frequency was less than expected (Tables 4.3 and 4.7). Few (3.3%) Non-Production Landholders
indicated use of pollinator BMPs on other landholdings (Table 4.7).
4.4.3.4

Geographic Region Type 1 – North MS Landholders
This geographic region classification segment encompassed over one-third of the sample

(42.2%; n = 392), which included 30 counties in North MS ranging from the northeastern section
down to the middle of the state (Figure 4.1). In comparison with the other geographic region
segments, North MS Landholders had the lowest majority (70.9%) of males and their average
age was 65.63 years (± 0.57). North MS Landholders had the highest majority (85.2%) of
residents and the average property size was 148.13 acres (± 13.75) (Table 4.10). The
predominate (38.2%) land use type was timber production. The plurality had an average income
of $50,000 and $74,999 (22.4%) and were college graduates (24.9%). North MS Landholders
had the highest majority (65.8%) of previously adopting pollinator BMPs and had the greatest
reported knowledge, although they still had an overall lack of intentions to adopt (Tables 4.10
and 4.11). A minority (15.4%) of North MS Landholders had participated in conservation
programs on their property, and few (3.7%) indicated they had adopted pollinator BMPs on other
landholdings (Table 4.10).
4.4.3.5

Geographic Region Type 2 – MS Delta Landholders
This geographic region classification segment was the smallest of the sample (13.0%; n =

120), which included 21 counties in the MS Delta region adjacent to the Mississippi River
covering the farthest western portion of the state (Figure 4.1). In comparison with the other
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geographic region segments, MS Delta Landholders had the highest majority (74.8%) of males
and had the youngest average age (M = 64.33 years ± 1.00). They had the highest average
property size (M = 206.75 ± 24.35) and the lowest majority percentage (81.7%) of resident
landholders, compared to the other geographic region segments (Table 4.10). The predominate
(40.0%) land use type was non-production, with less landholders using land for timber than
expected within this segment (Tables 4.2 and 4.10). The plurality had an average income of
$25,000 and $49,999 (21.8%), which was less than the other geographic region segments, and
were college graduates (35.0%). MS Delta Landholders had the lowest majority (59.2%) of
previously adopting pollinator BMPs, and the lowest reported knowledge and intentions to adopt
(Tables 4.10 and 4.11). They had the highest participation (17.6%) in conservation programs on
their property, but the lowest adoption (2.6%) of pollinator BMPs on other landholdings (Table
4.10).
4.4.3.6

Geographic Region Type 3 – South MS Landholders
This geographic region classification segment was the largest of the sample (44.6%; n =

412), which included 31 counties in South MS ranging from middle of the state down to the
coast (Figure 4.1). The majority (72.3%) of South MS Landholders were male and they had the
highest average age of the regions (M = 67.49 years ± 0.55), which was significantly older than
MS Delta Landholders (3.15 years ± 1.15, p = 0.017) (Tables 4.10 and 4.12). The majority
(83.5%) were resident landholders and they had the smallest average property size of 125.07
acres (± 13.44) (Table 4.10). The predominate (46.1%) land use type was timber production. The
plurality of South MS Landholders had an average income of $50,000 and $74,999 (18.9%) and
an average highest education level of some college (27.0%). The majority (63.1%) had
previously adopted pollinator BMPs, although they had an overall lack of knowledge and
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intentions to adopt (Tables 4.10 and 4.11). In comparison to other geographic region segments,
South MS Landholders participated the least (10.4%) in conservation programs on their property,
although they indicated the greatest amount (4.5%) of adoption of pollinator BMPs on other
landholdings (Table 4.10).
4.4.3.7

Classification Comparison Regarding Theoretical Constructs
There were statistically significant differences among land use segments regarding

several of the TPB and DoI constructs (F(28,1698) = 4.95, p < 0.001, Wilks’ Λ = 0.85, partial η2
= 0.075; Tables 4.8 and 4.9). A Tukey post hoc test revealed significant differences in attitudes
related to chemical BMPs, with Agriculture Landholders having more favorable attitudes than
Timber Landholders (p = 0.010) and Non-Production Landholders (p = 0.044). Games-Howell
post hoc tests for perceived behavioral control of habitat and chemical BMPs showed significant
differences, with Agriculture Landholders feeling less constrained than Timber Landholders
(habitat: p = 0.001; chemical: p < 0.001) and Non-Production Landholders (habitat: p = 0.006;
chemical: p < 0.001). A Games-Howell post hoc test indicated significant differences in regards
to intentions to adopt chemical BMPs, with Agriculture Landholders having greater intentions
than Timber Landholders (p < 0.001) and Non-Production Landholders (p = 0.004). A Tukey
post hoc test showed Agriculture Landholders had significantly more knowledge regarding
pollinator BMPs than Timber Landholders (p = 0.026). A Games-Howell post hoc test revealed
differences in knowledge stage communication channel use with Non-Production Landholders
using it less than Agriculture Landholders (p < 0.001) and Timber Landholders (p < 0.001).
Games-Howell post hoc tests also indicated differences in regards to professional and personal
persuasion stage communication channel use, with Non-Production Landholders using them less
than Agriculture Landholders (professional: p < 0.001; personal: p < 0.001) and Timber
109

Landholders (professional: p < 0.001; personal: p = 0.010), and Agriculture Landholders using
the personal communication channel more than Timber Landholders (p = 0.032). Land use type
segments were not significantly different in regards to habitat BMP Attitudes, habitat and
chemical BMP Injunctive Norms, or habitat BMP Intentions (Table 4.9).
There were statistically significant differences among geographic region segments
regarding a few of the TPB constructs (F(28,1748) = 1.88, p = 0.003, Wilks’ Λ = 0.94, partial η2
= 0.029; Tables 4.11 and 4.12). Games-Howell post hoc tests revealed significant differences
between MS Delta Landholders and South MS Landholders regarding habitat and chemical BMP
perceived normative pressures (habitat: p = 0.006; chemical: p = 0.024), indicating MS Delta
Landholders felt less social norm pressure to use BMPs. Finally, a Tukey post hoc test indicated
a significant difference between MS Delta Landholders and South MS Landholders regarding
intentions to adopt chemical BMPs, with MS Delta Landholders having lesser intentions (p =
0.020). Geographic segments were not significantly different in regards to habitat and chemical
BMP Attitudes, habitat and chemical BMP Perceived Behavioral Control, habitat BMP
Intentions, Knowledge, KSCC, Professional PSCC, or Personal PSCC (Tables 4.10 and 4.11).
4.5

Discussion
In this study, I sought to understand the current adoption of and intentions to adopt

pollinator BMPs among varied Mississippi landholder types as well as to investigate different
segmentation techniques. There have been numerous studies of southeastern private landholders,
specifically forest landholders (e.g., G.C. et al., 2009; Joshi & Mehmood, 2011; Khanal et al.,
2017; Kluender & Walkingstick, 2000; Majumdar et al., 2008), but none focused on landholders
implementing pollinator BMPs. My study attempted to fill the gap of knowledge regarding these
landholders by using both traditional clustering and heuristic classifications to investigate group
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differences that may assist in informing future private landholder pollinator BMP adoption
support approaches. Increasing realization of the inadequacy of a one-size-fits-all approach to
management has provided greater impetus to better understand private landholders and the
influences on their land management decisions. Previous research has been conducted to begin
developing targeted recommendations for various conservation practices and landholder types,
yet these approaches may differ depending on the landholder’s attributes and location (e.g.,
Dayer et al., 2014; G.C. et al., 2009; Nielsen-Pincus et al., 2015). My clustering and
classification methodologies provided an empirical first step to fill this knowledge-action gap for
private landholders regarding pollinator BMP adoption by generating more nuanced information
about segmentation differences.
The overarching finding of my study was the influence of segmentation techniques on the
generated cluster and segment differences. Although there were some consistencies between the
techniques as far as which theoretical constructs were significantly different, the various
segmentations did not produce identical results. This is consistent with previous literature that
has purported the essential influence of variable selection on results (e.g., Kostrowicki, 1977).
When using clustering or heuristic classification techniques, it is important to remember these
methods are subjective and based on interpretation, either for the number of clusters selected or
for the results generated, which can provide opportunities for the application of researcher
intuition (Pouta et al., 2011). Overall, the clustering technique produced the most segment
differences that may be useful in developing targeted educational and outreach efforts, followed
by land use classification, then finally geographic region classification. Previous research has
suggested that ownership objectives are more useful in identifying landholders than regional
differences (Kluender & Walkingstick, 2000). Although I did not specifically ask ownership
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objective questions, the primary land use classification served as a proxy and appeared to better
identify landholders than the geographic region classification. Comparing multiple types of
segmentation typologies from a given sample may be beneficial because a typology based on
psychological concepts may be more informative, but practitioners may not have access to this
type of information in the field (Dayer et al., 2014). The clusters in my study provided more
distinct information, yet Extension agents are more likely to be familiar with the land use
classifications. Thus, both will be incorporated in further discussion.
One of the major findings of my study was the similarities of my four distinct clusters
with Rogers’ (2003) adopter categories. Direct comparisons with Rogers’ (2003) categories are
beyond the scope of this study because I did not directly assess when the respondents began
adopting practices; therefore, I could not label them in one of the five categories in the adopter
continuum (i.e., innovator, early adopter, early majority, late majority, or laggard). Regardless,
the inclusion of previous behavior and knowledge to form the clusters and comparisons of
attitudes, education, and communication channel use did generate similarities. Retained Adopters
had the most favorable attitudes, the greatest sense of perceived behavioral control, the highest
intentions to adopt pollinator BMPs, the most knowledge regarding the practices, and the highest
use of both knowledge and persuasion stage communication channels compared to the other
clusters. These results are consistent with generalizations by Rogers (2003) claiming, in
comparison with later adopters, early adopters are less fatalistic (i.e., they perceive a greater
ability to control their future), have greater knowledge of innovations, are more highly
interconnected including contact with change agents, and have greater exposure to mass media
and interpersonal communication channels. Two generalizations that were not as consistent with
my findings were earlier adopters tend to have higher social status (i.e., income) and more years
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of formal education, as my clusters were very similar in these demographic characteristics. A
final generalization that was consistent with my findings was Rogers’ (2003) claim of earlier
adopters have larger-sized units (e.g., farms, land). Retained Adopters had significantly more
land than the other cluster types, which is consistent with more positive than negative
correlations between land size and conservation practice adoption (e.g., Prokopy et al., 2008;
Ulrich-Schad et al., 2017).
Several similarities with Rogers’ (2003) generalizations were also observed with the land
use classifications, with Agriculture Landholders being the most similar with early adopters. In
comparison with Timber and Non-Production Landholders, Agriculture Landholders had the
most favorable attitudes toward chemical BMPs, the greatest sense of perceived behavioral
control, the highest knowledge of and intentions to adopt BMPs, and the greatest connectedness
through knowledge and persuasion stage communication channels. They also had the greatest
percentage of previous adoption of pollinator BMPs and held the largest amount of land
compared to the other land use segments. Consistent with the clustering results, the education
and income characteristics were not as aligned with Rogers’ (2003) generalizations.
Studies have shown differences regarding objectives and motivations, attitudes, and other
influences on behavioral intentions with agricultural landholders (e.g., Borges, Lansink, Ribeiro,
& Lutke, 2014; Prokopy et al., 2008; Thompson et al. 2015) and nonindustrial private forest
landholders (e.g., Joshi & Mehmood, 2011; Majumdar et al., 2008; Wicker, 2002), indicating the
average landholder exists only in research reports and journal articles. Although segmenting
landholders may obfuscate some minute complexity, it is impossible to individually tailor every
program and policy (Emtage et al., 2006). Thus, while segmentation attempts such as clustering
and heuristic classifications may not be perfect, they do allow Extension agents working with
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landholders to avoid the blanket one-size-fits-all approach. This has important implications for
educational and outreach efforts as varied audiences will need targeted messaging and may
require more diverse support opportunities stemming from policies and programs. This
conservation equation becomes more complex as the landholder audience continues to change
through diversified interests, generational turnover, and an increase of first-time landholders.
Regarding the effectiveness of messaging for family forest owners, Kittredge (2004) posed the
question: “[C]an traditional messages of good forestry, promoted for decades through programs
such as Tree Farm, Forest Stewardship, and various state current-use property taxation programs,
be successful in light of new owners and the often suburbanizing context in which their lands are
located?” (p. 16). This question can be extended to agricultural landholders and even to
residential and recreational landholders as they become increasingly engaged with conservation
practices. To answer this question for pollinator conservation through BMP adoption, we need to
better understand how to target groups of landholders through the application of segmentation
research.
The development of targeted messaging and varied assistance programs based on a range
of landholder attributes has been repeatedly recommended by conservation practice adoption and
segmentation researchers (e.g., Hammes et al., 2016; Kluender & Walkingstick, 2000; Pannell et
al., 2006; Raymond & Brown, 2011). Outreach efforts solely focused on economic factors and
incentives fail to address the complexity of landholders, as other factors, such as moral values
and self-identity, have influence on their management decisions and environmental stewardship
(Brick, Sherman, & Kim, 2017; Schaible, Mishra, Lambert, & Panterov, 2015; Wilson et al.,
2013). My findings appear to agree with this conclusion as my sample included a variety of
production and non-production landholders with similar income levels yet varied adoption
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behavior. Previous research findings have also suggested messages regarding conservation
behaviors should include a motivational element, in other words a call to action that is likely to
engage the audience of interest by targeting their values and perceptions (Monroe, 2003; Schultz,
2011). These messages are more likely to succeed when they focus on a single, specific action
that is achievable by the individual because broader messages with recommendations for
multiple behavioral changes can be overwhelming. Additionally, promotion of a positive
alternative rather than attempting to prevent a behavior is more likely to persuade behavioral
change (Schultz, 2011).
The content of conservation messaging is often focused on the environmental benefits
that will be achieved by certain actions, rather than the societal benefits that may be attained. For
example, a large portion of pollinator conservation messaging has been focused on food security
and preserving biodiversity, which is vital, but it may not be as tangible of a connection to
landholders, especially if they are more production- than environmentally-oriented and more
fatalistic. To improve the efficacy of targeted messaging, researchers have called for
conservationists to take a marketing approach, by placing target audiences at the center of the
effort to highlight the benefits linked to their values and beliefs and to ensure their preferences
and needs are being met (e.g., Kusmanoff et al., 2016; Wright et al., 2015). These suggestions
should be taken into consideration when developing targeted messaging regarding landholder
adoption of pollinator BMPs. Audience segmentation approaches should be used, such as the
clusters and land use segments described in this study, to ensure the most applicable and
advantageous practices are being promoted. For example, in general, agricultural landholders
would be more benefited by practice promotion of conservation tillage and Integrated Pest
Management than recreational landholders. Aligning the practices with the greatest benefits to
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landholder values and motivations will be more efficacious and less overwhelming than the
promotion of ambiguous pollinator conservation efforts.
It is important to note, although I was able to segment respondents into different groups
with varying levels of knowledge, attitudes, constraints, and intentions, not any one group was
particularly strong in these areas. For example, Retained Adopters had the highest average scores
compared to the other cluster and classification segments, yet many of these Likert scale scores
were still close to the neutral response value (i.e., 3). This indicates even though Retained
Adopters have more knowledge and fewer perceived constraints, there is still room for
improvement. All landholders in this study and elsewhere would likely benefit from a two-step
educational and outreach approach: 1) targeted messaging techniques focused on pollinator
practice specifics, including their multiple benefits (e.g., improving water quality, reducing soil
erosion, promoting beneficial predatory insects, increasing wildlife habitat, improving rural
aesthetics), costs (e.g., financial, time), and how to implement them, and 2) subsequent hands-on
opportunities to learn about the practices, such as workshops. Having hands-on opportunities or
exposure to demonstration areas where pollinator BMPs have been implemented will be
beneficial for landholders, as observability promotes adoption diffusion through increased
familiarity of practices and discussions with peers (Pannell et al., 2006; Rogers, 2003). This twostep approach would build more holistic landholder knowledge of the practices, including the
skills, time, and resources needed to implement them on their properties.
How outreach professionals and Extension agents disseminate pollinator BMP adoption
information to reach landholders will also be important. My results showed all landholders had
low use of communication channels, which are an integral parts of diffusion networks. Social
networks act as diffusion networks, making them extremely beneficial for passing information
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more efficaciously. Earlier adopters in communities and social networks that have influence over
the attitudes and behaviors of other individuals are called opinion leaders (Rogers, 2003).
Identifying and utilizing these pivotal people may increase the efficacy of outreach efforts and
overall adoption of pollinator BMPs. Developing a landholder connection network was beyond
the scope of this study; however, it would be beneficial to research this in the future. A network
could also allow for the establishment of landholder mentoring, which may encourage greater
engagement of non-adopters (Raymond & Brown, 2011). A comparison of the communication
channels (e.g., knowledge stage, professional persuasion stage, and personal persuasion stage),
showed professional persuasion stage to be the least used, which indicates an additional
challenge because this included State and County Extension agents (e.g., USDA Natural
Resources Conservation Service (NRCS) agents). In the persuasion stage, the personal channel
was preferred, which included neighbors, friends, and similar landholders. Landholders may
have a higher degree of trust with their interpersonal networks, leading to two conclusions: 1)
opinion leaders and interpersonal networks should be identified and leveraged to increase
diffusion of pollinator BMPs, and 2) landholder trust of Extension agents should be explored.
Understanding and building trust between landholders and Extension agents will be essential to
increase credibility and activate additional diffusion channels (Pannell et al., 2006; Rogers,
2003).
Based on the results of the clustering and land use type classification methods, I have
developed four recommendations for beginning to improve targeted educational and outreach
(e.g., Extension) efforts. First, Retained Adopters and Agriculture Landholders had the most
knowledge, the least constraints, and the highest intentions to adopt. We should seek to retain
these landholders by providing additional support as they need it with messaging regarding
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specific environmental and societal benefits they will experience by adopting additional
practices. For example, rather than focusing on the practice benefits for pollinator species,
messaging could focus on additional ecosystem benefits of creating supplementary pollinator
habitat, such as encouragement of beneficial predatory insects to control crop pests, reduced soil
erosion, and increased water retention and quality, and societal benefits of increased rural
aesthetics and land values (Jones et al., 2006; Wratten, Gillespie, Decourtye, Mader, & Desneux,
2012). Oftentimes adopters get left out of the targeted messaging because the focus is on nonadopters; however, it may also be beneficial to promote programs like the Conservation
Stewardship Program, to acknowledge the work already being done and encourage further
environmental stewardship actions (Raymond & Brown, 2011). Second, Discontinued Adopters
and Timber Landholders previously used pollinator BMPs but had lesser knowledge, higher
constraints, and the lower intentions to adopt than the other segments. The reasons for
discontinuance need to be understood, which could possibly be achieved with social
conservation marketing (see Monroe, 2003; Wright et al., 2015). This would require greater
communication between these landholders and Extension agents. By placing landholders at the
core of the messaging process and seeking out their perceptions, needs, and values, more precise
targeted approaches could be developed to reactivate these landholders.
Third, Potential Adopters and Non-Production Landholders are good candidates for
recruitment because Potential Adopters had higher intentions to adopt than Constrained NonAdopters and Non-Production Landholders had previous adoption behavior. In comparison of
the theoretical constructs, both of these landholder segments scored the lowest on constraints,
indicating a potential starting point for targeting. They would benefit from knowledge and skill
building opportunities that allow them to learn about the benefits of the practices and how they
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are applicable to their property. The majority of Farm Bill programs provide financial and
technical assistance to production landholders, yet it is important to further develop this type of
support for non-production landholders. The Xerces Society, a non-profit organization with
dedicated efforts supporting pollinator conservation, hosts many knowledge and skill building
workshops in the US, some of which are specific to private landholders. It may be beneficial to
promote collaborative organizational efforts (e.g., The Xerces Society and NRCS) to increase the
amount of workshops held, providing the space for Discontinued and Potential Adopters and
Non-Production Landholders to observe practices and build stronger interpersonal networks.
Finally, Constrained Non-Adopters had the least knowledge, the highest constraints, and the
lowest intentions to adopt. They also had the least favorable attitudes; however, they were still
more favorable than unfavorable, indicating their lack of adoption is likely more related to
constraints. These landholders would also be benefitted by specific messaging regarding the
benefits and costs of these practices, including the skills, resources, and time needed to
implement them, followed by workshops where they could observe the practices on the
landscape, learn about their relative advantage and applicability, and build greater connections to
support diffusion networks.
There were three main limitations with this study. First, although my non-response
checks were non-significant, I still was hesitant to generalize results to all Mississippi
landholders with over 25 acres because I do not have information about how respondents and
non-respondents differed, nor what were the primary drivers of non-response. Recently,
researchers have argued for the acknowledgement of potential problems associated with low
response rates and careful interpretation of findings, especially if respondent engagement is not
well understood (Stedman, Connelly, Heberlein, Decker, & Allred, 2019). For example, I do not
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know if the respondents to my survey were those most interested in and involved with the topic
of pollinator BMP adoption. Future studies would benefit from additional non-response checks
using demographic information (e.g., age, gender, race and ethnicity) and follow-up phone
interviews with non-respondents to determine the cause of their lack of response. Second, the
subjective nature of segmentation potentially creates a limitation. The choice of variables and
methods make segmentation approaches such as clustering and classification more subjective,
and they are not without limitations. For instance, clustering may appear more rigorous yet the
natural grouping may occur based on a single, strong variate rather than multiple; therefore,
interpretations must be made carefully (Marriot, 1971). Finally, lack of more nuanced
geographic information limited my ability to create more distinct geographic region
classifications. I delineated the geographic classifications based on county data because that was
the information provided by the tax records, rather than the actual physical property address.
Thus, it was problematic to use different geographic or other spatial techniques to review the
data. For instance, I could not use traditional ecoregion or edaphic boundaries to create the
geographic classifications because these regions dissect county borders. In the future, it would be
beneficial to have more nuanced property information for improved statistical analysis,
interpretation, and development of targeted educational and outreach efforts.
To my knowledge, this study was the first of its kind specifically looking at landholder
adoption of pollinator BMP including the influence of attributes on intentions to adopt. Future
research should be conducted in additional States to determine the consistency of these findings
across geographic regions and various landholder and land use types. It may also be beneficial to
extend this research into different countries, as pollinator conservation concerns and efforts are
not unique to the US. Although my study provided informative findings, future human
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dimension studies for pollinator conservation should investigate three additional components: 1)
various ownership objectives and landholder types, 2) spatial segmentation, and 3) further sociopsychological attributes such as sense of place and culture.
First, future research should include questions regarding landownership objectives, as
they have been shown to be versatile and emphasize the importance of varied policy measures
(Khanal et al., 2017; Pouta et al., 2011; Wilson et al., 2013). This would provide more nuanced
information than basing segmentations solely on land use types. In addition to objectives, varied
landholder types should be intentionally sampled in future research efforts. One aspect that was
not specifically investigated with my research was whether the respondent was an operating
landholder, non-operating landholder, or landholder of another kind (e.g., land manager).
Although there was one question that alluded to this, it was not explicitly considered when
choosing the sample, as it was based on tax records. Including these various types of landholders
in future studies may generate further distinctions that reveal additional factors influencing
pollinator BMP adoption. Additionally, these other types of landholders, including women nonoperating landholders, have not been as targeted with previous support options yet may provide
great opportunities for conservation, especially on rented farmland (Petrzelka & Armstrong,
2015; Petrzelka, Sorensen, & Filipiak, 2018; Ranjan et al., 2019).
Second, previous research has purported spatial mapping of attributes to be beneficial as
the results can increase the understanding of landscape values and attachment to place, and can
assist in the efficacious development of targeted planning and policy efforts (Brown, 2004;
Nielsen-Pincus et al., 2015). One anticipated result of my study was the determination of similar
landscape groupings of knowledge or constraints observed with ArcMap that could assist in
spatial targeting of outreach and Extension efforts. However, since my study used county level
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data instead of data based on the physical address of properties, strong patterns were not
determined. If possible, future studies should use specific property data to allow for more
nuanced spatial segmentation. For example, Graziano and Gillingham (2015) used an approach
called “fishnetting”, which broke up their study state (i.e., Connecticut) into cells of a specified
size that allowed for better visualization of diffusion patterns of solar photovoltaic system
adoption. This method of spatial segmentation provides subtler differentiation than would be
possible with a larger scale of towns or counties and may be beneficial to visualize the diffusion
patterns of pollinator BMP adoption. Adoption diffusion patterns may also indicate the presence
of social norm pressures and peer effects. Furthermore, visualizing the diffusion or lack thereof
may reveal concentrations of constraints that signify strategic locations to hold outreach and
Extension events.
Finally, future research into the human dimensions of pollinator conservation should
include additional socio-psychological aspects of private landholders, including sense of place
and culture. Understanding how landholders are attached to their land may provide valuable
information about more integral influences on their land management decisions. Place is a social
construct that is defined by how people interact with, perceive, and form attachments to the
environment, and sense of place refers to the emotional bond or attachment people develop with
their environment (Brown, 2004; Stedman, 2003). Although conceptualization and measurement
of sense of place may be challenging, it is important to study nonetheless because it may provide
insights for conservation practitioners developing targeted outreach that can directly tie to
farmers’ existing sentiments toward their land, and may encourage people to see themselves as
part of the ecosystem rather than being a separate entity (Brown, 2004; Mullendore, UlrichSchad, & Prokopy, 2015). Recent research specific to pollinator conservation has highlighted the
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importance of the link between culture and biodiversity and how it can be leveraged to improve
policies benefitting people and pollinators (e.g., Hill et al., 2019). Culture may be an equally
challenging concept to measure, but it is just as important as it informs conservation practices
through people’s definition and beliefs of the true place for nature (e.g., apart or with humans),
what nature really is (e.g., place for escape or land to be used), and how we are defined by it
(e.g., farmer, rancher, landholder, or recreationist) (Cronon, 1996; Farrell, 2015; Fine, 1997;
Greider & Garkovich, 1994; Jacoby, 2014; Jerolmack, 2008; Kreye, Pienaar, & Adams, 2017;
Peter, Bell, Jarnagin, & Bauer, 2000; Sewell Jr., 1999). Research has shown a shifting ideal of
what a “good farmer” is with newer generations of farmers and those in group settings
supporting a more organic cultural view of nature and a willingness to adopt new conservation
practices (e.g., McGuire, Morton, & Cast, 2013; Peter et al., 2000); therefore, this would be an
important concept to investigate to determine if culture and identity can be leveraged to
encourage adoption of pollinator BMPs.
My study was an empirical attempt to understand current pollinator BMP adoption in
Mississippi and to generate landholder segmentations to provide recommendations for future
educational and outreach efforts. Through the survey and segmentation techniques used, I was
able to provide valuable insights into the various types of Mississippi landholders and
preliminary recommendations for targeted messaging and hands-on opportunities to increase
adoption of pollinator BMPs. My results were consistent with previous research that has claimed
even if landholders have an interest in conservation-based management, they may be lacking the
skills or knowledge necessary to implement the specific practices (e.g., Sorice et al., 2014). It is
important to remember this was only one study and it included elements of subjectivity through
the creation of clusters and classifications, so further research should be conducted to validate
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these findings and continually develop educational and outreach recommendations. In a
discussion of clustering techniques, Jain (2010) phrased the subjectivity eloquently: “In reality, a
cluster is a subjective entity that is in the eye of the beholder and whose significance and
interpretation requires domain knowledge” (p. 652). It is our objective as researchers to use our
domain knowledge to interpret our findings and generate valuable information that can be used
to increase knowledge and improve the efficacy of educational and outreach efforts. This is how
the knowledge-action and research-extension gaps will be filled, allowing the field of
conservation to keep moving forward. To that end, we need to continue researching the sociopsychological aspects influencing private landholder behavior to improve pollinator conservation
efforts through targeted educational and outreach efforts and increased pollinator BMP adoption.
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Table 4.1

Defining Cluster Characteristics Resultant from the Two-Step Cluster Analysis (n
= 885).

Characteristics

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Constrained
Non-Adopters

Potential
Adopters

Discontinued
Adopters

Retained
Adopters

N (Percentage)

135 (15.3%)

179 (20.2%)

270 (30.5%)

301 (34.0%)

Past Adoption
Behavior*

Non-Adopter

Non-Adopter

Previous
Adopter

Current Adopter

Intentions*

1.68 ± 0.06

2.96 ± 0.05

2.78 ± 0.04

3.20 ± 0.04

Knowledge*

1.74 ± 0.06

3.06 ± 0.05

3.02 ± 0.04

3.38 ± 0.04

89.48 ± 12.26

95.57 ± 10.65

115.12 ± 8.67

152.23 ± 8.21

Name

Property Acreage*

Note: *Listed in order of predictor importance; Continuous values reported are means ± standard errors; Intentions
and Knowledge are means from 5-point Likert scales with response format: 1 = strongly disagree, 2 = disagree, 3 =
neutral, 4 = agree, 5 = strongly agree; An outlier cluster (n=13) of markedly different cases was not used in
subsequent analyses.
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Table 4.2

Cluster

Constrained
NonAdopters
Potential
Adopters

Discontinued
Adopters

Retained
Adopters

Agriculture
Landholders

Timber
Landholders
NonProduction
Landholders
North MS
Landholders

MS Delta
Landholders

South MS
Landholders

Standardized Residuals from the Pearson Chi-Square Analysis in Chapter IV with
Regard to Residency, Gender, and Land Use Type.
Value Type

Resident

Gender

Land Use Type
Timber
NonAgriculture
Production Production

Yes

No

Male

Female

%

77.8%

22.2%

61.2%

38.8%

13.5%

48.1%

38.3%

Standardized
Residual

-0.8

1.8

-1.4

2.3

-2.8

1.5

0.9

%

78.2%

21.8%

69.8%

30.2%

18.6%

49.7%

31.7%

Standardized
Residual

-0.9

2

-0.3

0.4

-1.9

2

-0.5

%

85.2%

14.8%

69.0%

31.0%

25.5%

43.3%

31.2%

Standardized
Residual

0.2

-0.5

-0.5

0.8

-0.2

0.8

-0.8

%

89.4%

10.6%

79.7%

20.3%

36.5%

28.0%

35.5%

Standardized
Residual

1

-2.3

1.7

-2.6

3.5

-3.3

0.5

%

91.4%

8.6%

82.5%

17.5%

--

--

--

Standardized
Residual

1.2

-2.7

1.8

-2.9

--

--

--

%

78.5%

21.5%

69.7%

30.3%

--

--

--

Standardized
Residual

-1.2

2.8

-0.6

1

--

--

--

%

85.9%

14.1%

68.1%

31.9%

--

--

--

Standardized
Residual

0.3

-0.7

-0.9

1.4

--

--

--

%

85.2%

14.8%

70.9%

29.1%

27.6%

38.2%

34.1%

Standardized
Residual

0.3

-0.6

-0.3

0.4

0.5

-0.5

0.1

%

81.7%

18.3%

74.8%

25.2%

35.7%

24.3%

40.0%

Standardized
Residual

-0.3

0.6

0.4

-0.6

2

-2.7

1.2

%

83.5%

16.5%

72.3%

27.7%

22.3%

46.1%

31.6%

Standardized
Residual

-0.1

0.2

0.1

-0.1

-1.5

1.9

-0.7

Note: Bold values are the major contributors to significant chi-square values.
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Table 4.3

Standardized Residuals from the Pearson Chi-Square Analysis in Chapter IV with
Regard to Participation in Conservation Programs, Previous Adoption Behavior,
and Pollinator BMP Adoption on Other Landholdings.

Cluster

Constrained
Non-Adopters

Potential
Adopters

Discontinued
Adopters

Retained
Adopters

Agriculture
Landholders

Timber
Landholders

Non-Production
Landholders

North MS
Landholders

MS Delta
Landholders

South MS
Landholders

Value Type

Participation in
Conservation
Programs

Previous Adoption
Behavior

Pollinator BMP
Adoption on Other
Landholdings

Yes

No

Adopter

Non-Adopter

Yes

No

%

9.2%

90.8%

--

--

0.0%

100.0%

Standardized
Residual

-1.2

0.5

--

--

-2.3

0.5

%

10.2%

89.8%

--

--

3.6%

96.4%

Standardized
Residual

-1

0.4

--

--

-0.3

0.1

%

12.4%

87.6%

--

--

3.2%

96.8%

Standardized
Residual

-0.2

0.1

--

--

-0.7

0.1

%

16.6%

83.4%

--

--

7.1%

92.9%

Standardized
Residual

1.8

-0.7

--

--

2.4

-0.5

%

15.5%

84.5%

77.6%

22.4%

2.8%

97.2%

Standardized
Residual

0.8

-0.3

2.4

-3.2

-0.8

0.2

%

17.6%

82.4%

58.1%

41.9%

4.9%

95.1%

Standardized
Residual

2.1

-0.8

-1.6

2.2

1

-0.2

%

6.9%

93.1%

63.8%

36.2%

3.3%

96.7%

Standardized
Residual

-3

1.2

-0.3

0.4

-0.4

0.1

%

15.4%

84.6%

65.8%

34.2%

3.7%

96.3%

Standardized
Residual

1

-0.4

0.5

-0.7

-0.2

0

%

17.6%

82.4%

59.2%

40.8%

2.6%

97.4%

Standardized
Residual

1.2

-0.5

-0.6

0.8

-0.7

0.1

%

10.4%

89.6%

63.1%

36.9%

4.5%

95.5%

Standardized
Residual

-1.7

0.7

-0.2

0.2

0.6

-0.1

Note: Bold values are the major contributors to significant chi-square values.
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Table 4.4

Comparison of Landholder Clusters Regarding Ownership and Demographic Characteristics.

Overall
(n = 885)

(1) Constrained
Non-Adopters
(n = 135)

(2) Potential
Adopters
(n = 179)

(3) Discontinued
Adopters
(n = 270)

(4) Retained
Adopters
(n = 301)

Total acreagea (ac; F = 8.69; p < 0.001;
partial η2 = 0.030)

119.86 ± 4.87

89.48 ± 12.25(4)

95.57 ± 10.64(4)

115.69 ± 8.70(4)

152.28 ±
8.29(1,2,3)

Age (yr; F = 3.69; p = 0.012; partial η2 =
0.013)

66.36 ± 0.37

67.79 ± 0.94(4)

66.06 ± 0.82

67.51 ± 0.67(4)

64.85 ± 0.64(1,3)

Resident landholder (χ2 = 15.14; p = 0.002)

84.1%

77.8%

78.2%

85.2%

89.4%b

Male (χ2 = 17.90; p < 0.001)

71.6%

61.2%b

69.8%

69.0%

79.7%b

A - 26.1%

A - 13.5%b

A - 18.6%

A - 25.5%

A - 36.5%b

T - 40.0%

T - 48.1%

T - 49.7%

T - 43.3%

T - 28.0%b

NP - 33.9%

NP - 38.3%

NP - 31.7%

NP - 31.2%

NP - 35.5%

Participation in Conservation Program (%;
χ2 = 6.28; p = 0.099)

12.9%

9.2%

10.2%

12.4%

16.6%

Pollinator BMP Adoption on other
Landholdings (%; χ2 = 12.22; p = 0.007)

4.1%

0.0%b

3.6%

3.2%

7.1%b

Characteristic

Land Use Type (A = Agriculture; T =
Timber; NP = Non-Production) (χ2 =
43.19; p < 0.001)

Note: Overall multivariate analysis of variance: F(42,2552) = 16.59, p < 0.001, Wilks’ Λ = 0.49, partial η2 = 0.212; a Used to create cluster; b Signifies major
contributor to significant chi-square value; Continuous values reported are means ± standard errors; Statistically significant differences are bolded; Superscript
numbers signify where the significant differences exist among clusters; BMP = best management practice.
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Table 4.5

Tukey’s and Games-Howell Post Hoc Multiple Comparison Test Results of
Significant Differences Among Clusters.

Continuous Variable
(Post hoc test)

Total Acreage
(Games-Howell)

Age
(Tukey)

Habitat BMP
Attitudes
(Tukey)

Chemical BMP
Attitudes
(Tukey)

Habitat BMP
Injunctive Norms
(Games-Howell)

Chemical BMP
Injunctive Norms
(Games-Howell)

Cluster Comparison

Mean Difference

SE

p value

-62.79

13.31

< 0.001

-56.70

13.43

< 0.001

-36.59

13.50

0.035

2.95

1.13

0.048

2.67

0.92

0.021

Constrained Non-Adopters &
Potential Adopters
Constrained Non-Adopters &
Discontinued Adopters
Constrained Non-Adopters &
Retained Adopters
Potential Adopters &
Retained Adopters
Discontinued Adopters &
Retained Adopters

-0.32

0.08

< 0.001

-0.43

0.07

< 0.001

-0.69

0.07

< 0.001

-0.37

0.06

< 0.001

-0.26

0.06

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-0.34

0.08

< 0.001

Constrained Non-Adopters &
Retained Adopters

-0.59

0.08

< 0.001

Potential Adopters &
Retained Adopters

-0.40

0.07

< 0.001

Discontinued Adopters &
Retained Adopters

-0.25

0.07

0.001

Constrained Non-Adopters &
Potential Adopters

-0.67

0.09

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-0.62

0.08

< 0.001

Constrained Non-Adopters &
Retained Adopters

-0.76

0.08

< 0.001

Constrained Non-Adopters &
Potential Adopters

-0.64

0.09

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-0.47

0.09

< 0.001

Constrained Non-Adopters &
Retained Adopters

-0.49

0.09

< 0.001

Constrained Non-Adopters &
Retained Adopters
Potential Adopters &
Retained Adopters
Discontinued Adopters &
Retained Adopters
Constrained Non-Adopters &
Retained Adopters
Discontinued Adopters &
Retained Adopters

129

Table 4.5 (continued)
Continuous Variable
(Post hoc test)

Habitat BMP
Perceived Behavioral
Control
(Tukey)

Chemical BMP
Perceived Behavioral
Control
(Tukey)

Habitat BMP
Intentions
(Games-Howell)

Chemical BMP
Intentions
(Games-Howell)

Cluster Comparison

Mean Difference

SE

p value

Constrained Non-Adopters &
Potential Adopters

-0.98

0.09

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-1.06

0.08

< 0.001

Constrained Non-Adopters &
Retained Adopters

-1.49

0.08

< 0.001

Potential Adopters &
Retained Adopters

-0.51

0.08

< 0.001

Discontinued Adopters &
Retained Adopters

-0.44

0.07

< 0.001

Constrained Non-Adopters &
Potential Adopters

-0.95

0.10

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-1.03

0.09

< 0.001

Constrained Non-Adopters &
Retained Adopters

-1.44

0.09

< 0.001

Potential Adopters &
Retained Adopters

-0.50

0.08

< 0.001

Discontinued Adopters &
Retained Adopters

-0.41

0.07

< 0.001

Constrained Non-Adopters &
Potential Adopters

-1.27

0.07

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-1.10

0.07

< 0.001

Constrained Non-Adopters &
Retained Adopters

-1.52

0.07

< 0.001

Potential Adopters &
Retained Adopters

-0.25

0.06

0.001

Discontinued Adopters &
Retained Adopters

-0.42

0.07

< 0.001

Constrained Non-Adopters &
Potential Adopters

-1.29

0.07

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-1.09

0.08

< 0.001

Constrained Non-Adopters &
Retained Adopters

-1.53

0.07

< 0.001

Potential Adopters &
Discontinued Adopters

0.19

0.07

0.023

Potential Adopters &
Retained Adopters

-0.24

0.06

0.001

Discontinued Adopters &
Retained Adopters

-0.44

0.07

< 0.001
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Table 4.5 (continued)
Continuous Variable
(Post hoc test)

Knowledge
(Games-Howell)

KSCC
(Tukey)

Professional
PSCC
(Games-Howell)

Personal
PSCC
(Games-Howell)

Cluster Comparison

Mean Difference

SE

p value

Constrained Non-Adopters &
Potential Adopters

-1.32

0.08

< 0.001

Constrained Non-Adopters &
Discontinued Adopters

-1.28

0.07

< 0.001

Constrained Non-Adopters &
Retained Adopters

-1.64

0.07

< 0.001

Potential Adopters &
Retained Adopters

-0.32

0.07

< 0.001

Discontinued Adopters &
Retained Adopters

-0.36

0.06

< 0.001

Constrained Non-Adopters &
Potential Adopters

-0.22

0.08

0.033

Constrained Non-Adopters &
Discontinued Adopters

-0.36

0.07

< 0.001

Constrained Non-Adopters &
Retained Adopters

-0.50

0.07

< 0.001

Potential Adopters &
Retained Adopters

-0.28

0.07

< 0.001

Constrained Non-Adopters &
Potential Adopters

-0.21

0.05

0.001

Constrained Non-Adopters &
Discontinued Adopters

-0.28

0.05

< 0.001

Constrained Non-Adopters &
Retained Adopters

-0.43

0.05

< 0.001

Potential Adopters &
Retained Adopters

-0.22

0.06

0.001

Discontinued Adopters &
Retained Adopters

-0.16

0.05

0.017

Constrained Non-Adopters &
Potential Adopters

-0.24

0.07

0.005

Constrained Non-Adopters &
Discontinued Adopters

-0.41

0.06

< 0.001

Constrained Non-Adopters &
Retained Adopters

-0.58

0.06

< 0.001

Potential Adopters &
Retained Adopters

-0.34

0.07

< 0.001

Discontinued Adopters &
Retained Adopters

-0.17

0.06

0.029

Note: SE = standard error; BMP = best management practice; KSCC = Knowledge Stage Communication Channel;
PSCC = Persuasion Stage Communication Channel.
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Table 4.6

Comparison of Landholder Clusters Regarding Theory of Planned Behavior and Diffusion of Innovation Theory
Constructs.
Overall
(n = 885)

(1) Constrained
Non-Adopters
(n = 135)

(2) Potential
Adopters
(n = 179)

(3) Discontinued
Adopters
(n = 270)

(4) Retained
Adopters
(n = 301)

Habitat BMP Attitudes (F = 35.41; p < 0.001;
partial η2 = 0.108)

3.58 ± 0.02

3.15 ± 0.06(2,3,4)

3.47 ± 0.05(1,4)

3.58 ± 0.04(1,4)

3.84 ± 0.04(1,2,3)

Chemical BMP Attitudes (F = 21.23; p < 0.001;
partial η2 = 0.068)

3.49 ± 0.03

3.15 ± 0.07(3,4)

3.34 ± 0.06(4)

3.49 ± 0.05(1,4)

3.74 ± 0.04(1,2,3)

Habitat BMP Injunctive Norms (F = 27.85; p <
0.001; partial η2 = 0.108)

2.83 ± 0.03

2.24 ± 0.06(2,3,4)

2.92 ± 0.05(1)

2.87 ± 0.04(1)

3.00 ± 0.04(1)

Chemical BMP Injunctive Norms (F = 16.74; p <
0.001; partial η2 = 0.060)

2.62 ± 0.03

2.18 ± 0.07(2,3,4)

2.83 ± 0.06(1)

2.65 ± 0.05(1)

2.67 ± 0.05(1)

Habitat BMP Perceived Behavioral Control (F =
107.40; p < 0.001; partial η2 = 0.270)

2.79 ± 0.03

1.77 ± 0.07(2,3,4)

2.75 ± 0.06(1,4)

2.82 ± 0.05(1,4)

3.26 ± 0.05(1,2,3)

Chemical BMP Perceived Behavioral Control (F
= 91.18; p < 0.001; partial η2 = 0.239)

2.71 ± 0.03

1.71 ± 0.07(2,3,4)

2.66 ± 0.06(1,4)

2.75 ± 0.05(1,4)

3.16 ± 0.05(1,2,3)

Habitat BMP Intentions (F = 191.63; p < 0.001;
partial η2 = 0.330)

2.78 ± 0.03

1.68 ± 0.06(2,3,4)

2.95 ± 0.05(1,4)

2.78 ± 0.04(1,4)

3.20 ± 0.04(1,2,3)

Chemical BMP Intentions (F = 161.60; p < 0.001;
partial η2 = 0.312)

2.80 ± 0.03

1.69 ± 0.06(2,3,4)

2.98 ± 0.06(1,3,4)

2.78 ± 0.05(1,2,4)

3.22 ± 0.04(1,2,3)

Knowledgea (F = 183.15; p < 0.001; partial η2 =
0.355)

2.95 ± 0.03

1.74 ± 0.06(2,3,4)

3.06 ± 0.05(1,4)

3.02 ± 0.04(1,4)

3.38 ± 0.04(1,2,3)

Knowledge Stage Communication Channel (F =
17.31; p < 0.001; partial η2 = 0.056)

1.73 ± 0.02

1.41 ± 0.06(2,3,4)

1.62 ± 0.05(1,4)

1.77 ± 0.04(1)

1.90 ± 0.04(1,2)

Construct
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Table 4.6 (continued)
Overall
(n = 885)

(1) Constrained
Non-Adopters
(n = 135)

(2) Potential
Adopters
(n = 179)

(3) Discontinued
Adopters
(n = 270)

(4) Retained
Adopters
(n = 301)

Professional Persuasion Stage Communication
Channel (F = 26.74; p < 0.001; partial η2 = 0.058)

1.50 ± 0.02

1.23 ± 0.05(2,3,4)

1.44 ± 0.04(1,4)

1.50 ± 0.04(1,4)

1.66 ± 0.03(1,2,3)

Personal Persuasion Stage Communication
Channel (F = 32.56; p < 0.001; partial η2 = 0.074)

1.70 ± 0.02

1.32 ± 0.06(2,3,4)

1.56 ± 0.05(1,4)

1.74 ± 0.04(1,4)

1.91 ± 0.04(1,2,3)

Construct

Note: Overall multivariate analysis of variance: F(42,2552) = 16.59, p < 0.001, Wilks’ Λ = 0.49, partial η2 = 0.212; a Used to create cluster; Continuous values
reported are means ± standard errors from 5-point Likert scales with response format: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly
agree; Statistically significant differences are bolded; Superscript numbers signify where the significant differences exist among clusters; BMP = best
management practice.
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Table 4.7

Comparison of Land Use Classifications Regarding Ownership and Demographic Characteristics.
Overall
(n = 883)

(1) Agriculture
(n = 232)

(2) Timber
(n = 353)

(3) Non-Production
(n = 298)

Total acreage (ac; F = 5.20; p = 0.006; partial η2 =
0.013)

148.06 ± 9.22

187.54 ± 17.86(3)

155.09 ± 14.54

109.09 ± 15.76(1)

Age (yr; F = 13.35; p < 0.001; partial η2 = 0.027)

66.16 ± 0.38

64.54 ± 0.72(2)

68.41 ± 0.59(1,3)

64.77 ± 0.64(2)

Resident landholder (χ2 = 18.50; p < 0.001)

84.4%

91.4%a

78.5%a

85.9%

Male (χ2 = 15.75; p < 0.001)

72.5%

82.5%a

69.7%

68.1%

Participation in Conservation Program (%; χ2 =
16.40; p < 0.001)

13.5%

15.5%

17.6%a

17.4%a

Previous Adoption of Pollinator BMPs (%; χ2 =
23.83; p < 0.001)

65.1%

77.6%a

58.1%a

63.8%

Pollinator BMP Adoption on other Landholdings
(%; χ2 = 1.89; p = 0.389)

3.8%

2.8%

4.9%

3.3%

Characteristic

Note: Overall multivariate analysis of variance: F(28,1698) = 4.95, p < 0.001, Wilks’ Λ = 0.85, partial η2 = 0.075; a Signifies major contributor to significant chisquare value; Values reported are means ± standard errors; Statistically significant differences are bolded; BMP = best management practice.
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Table 4.8

Tukey and Games-Howell Post Hoc Multiple Comparison Test Results of
Significant Differences Among Land Use Segments.

Continuous Variable
(Post hoc test)
Total Acreage
(Games-Howell)
Age
(Games-Howell)

Chemical BMP
Attitudes
(Tukey)
Habitat BMP
Perceived Behavioral
Control
(Games-Howell)
Chemical BMP
Perceived Behavioral
Control
(Games-Howell)
Chemical BMP
Intentions
(Games-Howell)
Knowledge
(Tukey)
KSCC
(Games-Howell)

Professional
PSCC
(Games-Howell)

Personal
PSCC
(Games-Howell)

Land Use Segment
Comparison
Agriculture &
Non-Production
Agriculture &
Timber
Timber &
Non-Production
Agriculture &
Timber
Agriculture &
Non-Production
Agriculture &
Timber
Agriculture &
Non-Production
Agriculture &
Timber
Agriculture &
Non-Production
Agriculture &
Timber
Agriculture &
Non-Production
Agriculture &
Timber
Agriculture &
Non-Production
Timber &
Non-Production
Agriculture &
Non-Production
Timber &
Non-Production
Agriculture &
Timber
Agriculture &
Non-Production
Timber &
Non-Production

Mean Difference

SE

p value

78.45

25.79

0.007

-3.87

0.92

< 0.001

3.64

0.87

< 0.001

0.20

0.07

0.010

0.17

0.07

0.044

0.29

0.08

0.001

0.24

0.08

0.006

0.39

0.08

< 0.001

0.33

0.08

< 0.001

0.29

0.07

< 0.001

0.25

0.08

0.004

0.20

0.08

0.026

0.41

0.06

< 0.001

0.29

0.05

< 0.001

0.34

0.05

< 0.001

0.24

0.04

< 0.001

0.17

0.07

0.032

0.33

0.07

< 0.001

0.16

0.05

0.010

Note: SE = standard error; BMP = best management practice; KSCC = Knowledge Stage Communication Channel;
PSCC = Persuasion Stage Communication Channel.
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Table 4.9

Comparison of Land Use Classifications Regarding Theory of Planned Behavior and Diffusion of Innovation Theory
Constructs.
Overall
(n = 883)

(1) Agriculture
(n = 232)

(2) Timber
(n = 353)

(3) NonProduction
(n = 298)

Habitat BMP Attitudes (F = 2.68; p = 0.069)

3.59 ± 0.02

3.61 ± 0.05

3.52 ± 0.04

3.64 ± 0.04

Chemical BMP Attitudes (F = 4.64; p = 0.010; partial η2 = 0.011)

3.50 ± 0.03

3.63 ± 0.05(2,3)

3.44 ± 0.04(1)

3.47 ± 0.05(1)

Habitat BMP Injunctive Norms (F = 0.62; p = 0.539)

2.82 ± 0.03

2.79 ± 0.05

2.86 ± 0.04

2.83 ± 0.04

Chemical BMP Injunctive Norms (F = 0.07; p = 0.933)

2.62 ± 0.03

2.62 ± 0.05

2.62 ± 0.04

2.64 ± 0.05

Habitat BMP Perceived Behavioral Control (F = 7.60; p =
0.001; partial η2 = 0.017)

2.81 ± 0.03

3.00 ± 0.06(2,3)

2.71 ± 0.05(1)

2.76 ± 0.05(1)

Chemical BMP Perceived Behavioral Control (F = 12.19; p <
0.001; partial η2 = 0.028)

2.73 ± 0.03

3.00 ± 0.06(2,3)

2.61 ± 0.05(1)

2.67 ± 0.05(1)

Habitat BMP Intentions (F = 1.28; p = 0.280)

2.79 ± 0.03

2.86 ± 0.06

2.77 ± 0.05

2.76 ± 0.05

Chemical BMP Intentions (F = 8.86; p < 0.001; partial η2 =
0.017)

2.82 ± 0.03

3.01 ± 0.06(2,3)

2.72 ± 0.05(1)

2.76 ± 0.05(1)

Knowledge (F = 3.74; p = 0.024; partial η2 = 0.009)

2.96 ± 0.03

3.10 ± 0.06(2)

2.89 ± 0.05(1)

2.92 ± 0.05

Knowledge Stage Communication Channel (F = 27.73; p <
0.001; partial η2 = 0.051)

1.74 ± 0.02

1.92 ± 0.05(3)

1.81 ± 0.04(3)

1.52 ± 0.04(1,2)

Professional Persuasion Stage Communication Channel
(F = 28.35; p < 0.001; partial η2 = 0.049)

1.51 ± 0.02

1.67 ± 0.04(3)

1.57 ± 0.03(3)

1.33 ± 0.04(1,2)

Personal Persuasion Stage Communication Channel (F = 13.09;
p < 0.001; partial η2 = 0.029)

1.71 ± 0.02

1.89 ± 0.05(2,3)

1.72 ± 0.04(1,3)

1.56 ± 0.04(1,2)

Construct

Note: Overall multivariate analysis of variance: F(28,1698) = 4.95, p < 0.001, Wilks’ Λ = 0.85, partial η2 = 0.075; Continuous values reported are means ±
standard errors from 5-point Likert scales with response format: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree; Statistically
significant differences are bolded; Superscript numbers signify where the significant differences exist among clusters; BMP = best management practice.
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Table 4.10

Comparison of Geographic Region Classifications Regarding Ownership and Demographic Characteristics.

Characteristic
Total acreage (ac; F = 2.97; p = 0.053)
Age (yr; F = 4.90; p = 0.008; partial η = 0.011)
2

Overall
(n = 924)

(1) North MS
(n = 392)

(2) MS Delta
(n = 120)

(3) South MS
(n = 412)

145.82 ± 8.97

148.13 ± 13.75

206.75 ± 24.35

125.07 ± 13.44

(3)

67.49 ± 0.55(2)

66.28 ± 0.37

65.63 ± 0.57

Resident landholder (χ2 = 0.99; p = 0.611)

84.0%

85.2%

81.7%

83.5%

Male (χ2 = 0.72; p = 0.697)

72.0%

70.9%

74.8%

72.3%

A - 26.3%

A - 27.6%

A - 35.7%

A - 22.3%

T - 40.0%

T - 38.2%

T - 24.3%a

T - 46.1%

NP - 33.7%

NP - 34.1%

NP - 40.0%

NP - 31.6%

Participation in Conservation Program
(%; χ2 = 6.07; p = 0.048)

13.5%

15.4%

17.6%

10.4%

Previous Adoption of Pollinator BMPs (%; χ2 =
1.89; p = 0.389)

63.7%

65.8%

59.2%

63.1%

Pollinator BMP Adoption on other
Landholdings (%; χ2 = 0.91; p = 0.635)

3.9%

3.7%

2.6%

4.5%

Land Use Type (A = Agriculture; T = Timber;
NP = Non-Production) (χ2 = 19.48; p = 0.001)

64.33 ± 1.00

Note: Overall multivariate analysis of variance: F(28,1748) = 1.88, p = 0.003, Wilks’ Λ = 0.94, partial η2 = 0.029; a Signifies major contributor to significant chisquare value; Values reported are means ± standard errors; Statistically significant differences are bolded; BMP = best management practice.
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Table 4.11

Comparison of Geographic Region Classifications Regarding Theory of Planned Behavior and Diffusion of Innovation
Theory Constructs.
Overall
(n = 924)
3.59 ± 0.02
3.50 ± 0.03

(1) North MS
(n = 392)
3.61 ± 0.04
3.46 ± 0.04

(2) MS Delta
(n = 120)
3.50 ± 0.06
3.47 ± 0.07

(3) South MS
(n = 412)
3.59 ± 0.03
3.54 ± 0.04

Habitat BMP Injunctive Norms (F = 5.25; p = 0.006; partial η2 =
0.013)

2.82 ± 0.02

2.80 ± 0.04

2.64 ± 0.07(3)

2.91 ± 0.04(2)

Chemical BMP Injunctive Norms (F = 3.39; p = 0.035; partial η2 =
0.008)

2.62 ± 0.03

2.62 ± 0.04

2.46 ± 0.07(3)

2.68 ± 0.04(2)

Habitat BMP Perceived Behavioral Control (F = 0.73; p = 0.483)

2.80 ± 0.03

2.79 ± 0.05

2.71 ± 0.09

2.83 ± 0.05

2.72 ± 0.03

2.70 ± 0.05

2.60 ± 0.09

2.77 ± 0.05

2.79 ± 0.03

2.80 ± 0.04

2.67 ± 0.08

2.82 ± 0.04

Chemical BMP Intentions (F = 3.67; p = 0.026; partial η2 = 0.008)

2.81 ± 0.03

2.80 ± 0.05

2.62 ± 0.08(3)

2.88 ± 0.05(2)

Knowledge (F = 1.48; p = 0.228)

2.96 ± 0.03

3.00 ± 0.05

2.83 ± 0.08

2.95 ± 0.05

Knowledge Stage Communication Channel (F = 1.80; p = 0.165)

1.74 ± 0.02

1.76 ± 0.04

1.83 ± 0.07

1.69 ± 0.04

1.51 ± 0.02

1.53 ± 0.03

1.52 ± 0.06

1.49 ± 0.03

1.70 ± 0.02

1.74 ± 0.04

1.72 ± 0.07

1.66 ± 0.04

Construct
Habitat BMP Attitudes (F = 1.06; p = 0.345)
Chemical BMP Attitudes (F = 1.26; p = 0.284)

Chemical BMP Perceived Behavioral Control (F = 1.66; p =
0.190)
Habitat BMP Intentions (F = 1.30; p = 0.273)

Professional Persuasion Stage Communication Channel (F =
0.54; p = 0.582)
Personal Persuasion Stage Communication Channel (F = 1.17; p
= 0.311)

Note: Overall multivariate analysis of variance: F(28,1748) = 1.88, p = 0.003, Wilks’ Λ = 0.94, partial η2 = 0.029; Continuous values reported are means ±
standard errors from 5-point Likert scales with response format: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree; Statistically
significant differences are bolded; Superscript numbers signify where the significant differences exist among clusters; BMP = best management practice.
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Table 4.12

Tukey and Games-Howell Post Hoc Multiple Comparison Test Results of
Significant Differences Among Geographic Region Segments.

Continuous Variable
(Post hoc test)

Geographic Region Segment
Comparison

Age
(Tukey)

MS Delta & South MS

Habitat BMP
Injunctive Norms
(Games-Howell)

MS Delta & South MS

Chemical BMP
Injunctive Norms
(Games-Howell)
Chemical BMP
Intentions
(Tukey)

MS Delta & South MS

Mean Difference

SE

p value

-3.15

1.15

0.017

-0.27

0.09

0.006

-0.23

0.09

0.024

-0.25

0.09

0.020

MS Delta & South MS

Note: SE = standard error; BMP = best management practice.
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Figure 4.1

Geographic Region Classification Segments.
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Figure 4.2

Two-Step Cluster Analysis Distinct Cluster Results (n = 885).
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CHAPTER V
SYNTHESIS
5.1

Overview
In Chapter I, I provided a brief background on the value of native pollinators and

importance of private landholder involvement in the adoption of pollinator best management
practices (BMPs). In Chapter II, I began to address the sociological aspects of pollinator
conservation by testing a measurement tool I developed to survey Mississippi landholders
regarding their attitudes, normative pressures, constraints, and intentions as they specifically
relate to using pollinator BMPs on their properties. In Chapter III, I further addressed these
aspects by discerning how past adoption behavior affected landholder attribute influence through
additional structural equation modeling analyses. In Chapter IV, I moved from theoretical to
practical applications of the knowledge gained from my dissertation by generating landholder
segmentations based on clustering and classification methods, resulting in the development of
future educational and outreach effort recommendations. In the following sections, I will
highlight the major findings from each chapter, and end with a culmination of gained insights
and provide overarching recommendations for future human dimensions research of pollinator
conservation.
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5.2

Development and Testing of Survey Measures
In Chapter II, I used reliability, exploratory factor, and confirmatory factor analyses to

test my developed pollinator BMP measurement instrument. Given the large response (n = 924),
I was able to perform both exploratory and confirmatory analyses by splitting the total sample
into two subsamples (n = 462 each), which allowed for model editing and retesting without
capitalizing on chance (Bagozzi & Yi, 2012). Based on the results from the various analyses, I
kept six of the nine Attitudes construct indicators, seven of the nine Injunctive Norms construct
indicators, seven of the nine Perceived Behavioral Control construct indicators, and seven of the
nine Intentions construct indicators. Factor analysis results indicated respondents differentiated
between habitat and chemical pollinator BMPs with respect to their attitudes and normative
pressures; thus, two models were created to investigate nuanced differences of attribute influence
on intentions to adopt BMPs. The various analyses provided evidence of reliability and validity
of the construct measures, which allowed for interpretations of the structural relationships.
Using structural equation modeling, I showed the three antecedent TPB attributes (i.e.,
Attitudes, Injunctive Norms, and Perceived Behavioral Control) to all have significant and
positive relationships with Intentions, indicating intentions to adopt pollinator BMPs increased
with more favorable attitudes, increased normative pressure, and less feelings of constraints. The
results from this study showed in both BMP models, Perceived Behavioral Control had
relatively stronger influence on Intentions as compared to the other attributes, providing
evidence that a lack of pollinator BMP adoption may be the consequence of increased constraints
felt by landholders (e.g., time, resources, and skills).
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5.3

Group Comparison Based on Past Adoption Behavior
In Chapter III, I continued using structural equation modeling to review the data with the

addition of performing multiple two-group analyses. Consistent with previous research that has
begun investigating the role of past behavior influence on behavioral intentions (e.g., Dayer,
Stedman, Allred, Rosenberg, & Fuller, 2016; Fishbein & Ajzen, 2015), I formed three groups of
landholders based on previous adoption behavior (i.e., Current Adopters, Previous Adopters, and
Non-Adopters), to determine its potential influence on the various TPB attribute
interrelationships. Additionally, I performed reliability, exploratory factor, and confirmatory
factor analyses on the DoI attributes of Knowledge, Knowledge Stage Communication Channel
Use (KSCC), and Persuasion Stage Communication Channel Use (PSCC). Based on the results, I
kept seven of the nine Knowledge construct indicators, three of the eight KSCC construct
indicators, and six of the nine PSCC construct indicators, which separated into two dimensions
(i.e., Professional PSCC and Personal PSCC). Evidence of reliability and validity of the TPB
and DoI constructs allowed me to interpret the structural relationships.
I found significant group differences across the habitat and chemical pollinator BMP
models, with Current Adopters’ intentions to adopt primarily influenced by Attitudes, Previous
Adopters primarily influenced by Perceived Behavioral Control, and Non-Adopters primarily
influenced by Perceived Behavioral Control for habitat BMPs and Injunctive Norms for
chemical BMPs. Significant differences were also found among the groups regarding their
knowledge and use of communication channels, with Current Adopters having the greatest
knowledge and use as compared to the other adopter groups. These differences underscore the
complexity of conservation practice adoption behavior and the importance of developing a more
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individualistic understanding of landholders, as they will likely need a range of support options
to increase adoption of pollinator BMPs.

5.4

Landholder Segmentation to Develop Targeted Effort Recommendations
In Chapter IV, I conducted a two-step cluster analysis using a mixture of landholder and

landholding characteristics and heuristic classification analyses based on land use type and
geographic region. The landholder segmentations generated four clusters (i.e., Constrained NonAdopters, Potential Adopters, Discontinued Adopters, and Retained Adopters), three land use
type classifications (i.e., Agriculture Landholders, Timber Landholders, and Non-Production
Landholders), and three geographic region classifications (i.e., North Mississippi (MS)
Landholders, MS Delta Landholders, and South MS Landholders). These segmentations
provided valuable insights into different ways Mississippi landholders can be grouped,
characterized, and potentially targeted for future educational and outreach efforts. One surprising
finding was the low communication channel use by all landholders. This creates a challenge that
will need to be addressed to increase future connections with landholders, allowing for the
diffusion of pollinator BMP information and workshop opportunities intended to cultivate
knowledge and skills.
Overall, the results indicated a lack of strong agreement regarding lesser feelings of
constraints and adequate knowledge of pollinator BMPs. Although some landholders had greater
knowledge and less constraints than others (e.g., Retained Adopters compared to Constrained
Non-Adopters), the average response of most groups remained around the neutral Likert scale
value, with some leaning toward agreement and some toward disagreement. This suggests all
landholders in this study and those similar would benefit from a two-step targeted educational
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and outreach approach: 1) messaging focused on the specifics of pollinator BMPs, such as their
multiple benefits, costs, relative advantage, and details of implementation, and 2) hands-on
workshop opportunities to observe demonstration areas that use these practices and to practice
the skills necessary to incorporate them on their properties. This two-step approach of cultivating
deeper practice knowledge and practicing hands-on skills would result in a more holistic
understanding of the practices, hopefully eventuating in greater pollinator BMP adoption.

5.5

Culmination of Gained Insights and Recommendations for Future Research
Each of my dissertation chapters provided another piece of the greater pollinator

conservation puzzle. My study provided an empirical approach to how we can begin to address
the gap of pollinator BMP promotion and adoption by examining various landholder attributes
that affect adoption behavior. The development of survey measures provided a beginning from
which future research of landholders regarding pollinator BMP adoption can grow. Incorporating
previous behavior in structural equation modeling to investigate its influence on attitudes,
normative pressures, constraints, and intentions revealed additional elements of complexity to be
considered with future human dimensions research. Finally, the landholder segmentation
differences supported previous findings and emphasized the importance of recognizing the
potential subjectivity of cluster and classification analyses. The cluster segmentation allowed for
a deeper understanding of group differences while the land use type segmentation allowed for
groupings with which Extension agents may be more familiar. The culmination of these findings
allowed for future targeted educational and outreach effort recommendations; however, there is
still much to be learned.
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The results in Chapters II, III, and IV were consistent with previous research that has
shown attitudes to have significant influence on behavioral intentions, earlier adopters to have
more knowledge of innovations and use communication channels more than laggards, and
previous familiarity with practices either through adoption, trialability, or observability, to more
positively relate to adoption (see Fishbein & Ajzen, 2015; Pannell et al., 2006; Rogers, 2003).
Nevertheless, the most valuable insights came from the results of the examined model and group
differentiations, which have not previously been specifically investigated. I have simplified these
findings into three components of importance: 1) landholder constraints, 2) previous adoption
behavior, and 3) landholder segmentation.
First, the varied influence of TPB attributes on intentions to adopt pollinator BMPs
provided evidence indicating constraints may be a stronger influence on and predictor of
intentions to adopt than attitudes. Pollinator conservation has become a buzz phrase over the past
decade with increasing promotional efforts by governmental and non-governmental
organizations, which has likely amplified individuals’ awareness of the importance of
pollinators. Additionally, landholders in my study had predominately neutral to more favorable
than unfavorable attitudes regarding the use of pollinator BMPs on their properties. Nevertheless,
increased awareness and favorable attitudes do not equate to increased adoption of pollinator
BMPs. Individuals with greater feelings of constraints and lesser knowledge were less likely to
intend to adopt pollinator BMPs. This indicates the importance of understanding landholders’
constraints to better develop targeted educational and outreach support if increased pollinator
BMP adoption is the continued goal.
Second, the differences of predominate attribute influence shown in Chapter III’s
comparisons speak to the importance of considering previous adoption behavior when attempting
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to ascertain potential future adoption of pollinator BMPs. This finding was strengthened with
Chapter IV’s results showing Retained Adopters to have the greatest intentions to adopt,
Discontinued Adopters and Potential Adopters to have similar intention levels, and Constrained
Non-Adopters to have the least intentions. Previous exposure to pollinator BMPs may allow for
an increased familiarity with or relative advantage of certain practices, assisting in their
continuance. Those lacking familiarity with these practices because they have never previously
adopted them may be more constrained by deficient skills or knowledge of how to implement
them on their property. This is something that can be addressed through targeted messaging and
increased exposure to workshops promoting observability of the practices and development of
skills. The most interesting previous behavior importance is related to Chapter III’s Previous
Adopters and Chapter IV’s Discontinued Adopters. These individuals had previously used at
least one pollinator BMP but were no longer implementing them. This could be the result of land
management changes lessening the relative advantage of the practices or a change in constraints.
More research is needed to explore this discontinuance in hopes of reactivating the landholders.
Finally, the importance of landholder segmentations was shown through the generation of
deeper insights about how respondents could be grouped and targeted for future educational and
outreach efforts. Additionally, the similarities between the clusters and land use type
classifications indicated both theoretical and substantive advances. Clustering research often uses
variables and psychological concepts derived from theory, but this information is not always
available to practitioners in the field (Dayer, Allred, & Stedman, 2014). Thus, when determining
future landholder segmentations for pollinator BMP adoption, it will be important to consider the
practical application of the information being generated. Building strong theoretical
understanding will be essential as pollinator conservation research begins incorporating more
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socio-psychological aspects, yet there needs to be continual consideration of the practical
application of the knowledge generated as the ultimate goal is to increase private landholder
involvement.
Based on the insights generated and lessons learned from my dissertation research, I
encourage future pollinator conservation human dimensions research efforts in the following
three areas: 1) further measurement and model improvements and testing, 2) continued
investigation into group differences, and 3) improved targeted educational and outreach effort
recommendations. First, although acceptable model fit was achieved for both habitat and
chemical BMP models in Chapter II, I recommend further development of these constructs with
future studies. Specifically, I believe the measurement scales can be improved through amended
indicator wording to lessen multicollinearity and inclusion of additional measurement scales,
such as the semantic differential (see Fishbein & Ajzen, 2015), to reduce indicator ambiguity and
avoid potential future common method bias (see Podsakoff, MacKenzie, Lee, & Podsakoff,
2003). Common method bias was not a concern in my study, but it should be a consideration in
future human dimension survey research, especially when independent and dependent variables
are measured at the same time in one study from which management recommendations will be
developed. Additionally, I recommend further testing of the measurement instrument in various
regions with different landholder types to ensure continued metric invariance (see Steenkamp &
Baumgartner, 1998). Furthermore, supplementary and improved indicators and additional testing
would allow researchers to address any model issues without capitalizing on chance.
Second, I recommend continued investigation of landholders in a variety of landscapes to
determine the consistency of my findings and to further examine group differences. This study
was conducted in State where the principal agricultural enterprises are not dependent on animal157

pollination; therefore, group differences should also be assessed in areas where individuals have
higher degrees of pollinator dependence (e.g., landholders involved with almond, apple, or
blueberry production). Additionally, it would be beneficial to intentionally incorporate various
types of landholders, such as absentee landholders, land managers, and lessees, to investigate
how landholder type potentially influences differences in attitudes, normative pressures,
constraints, knowledge, and intentions to adopt pollinator BMPs.
Finally, I encourage further development of targeted educational and outreach effort
recommendations including messaging and hands-on workshops. During the information
gathering stage prior to the development of my questionnaire, I contacted several members of
various governmental and non-governmental organizations to learn about the pollinator
conservation efforts they promoted and how they connected with other organizations. Although
there has been beneficial progress from ongoing efforts, disparate approaches have resulted from
a lack of connectedness among various organizations and broader BMP promotion has occurred
at the expense of practice specificity. This is a potential ramification of organizations targeting
various types of landholders (e.g., USDA Natural Resources Conservation Service agents
supporting agricultural landholders versus The Xerces Society supporting a broad audience).
Regardless of the specific landholder type, my study has shown there is a need for greater
understanding of the pollinator BMPs themselves, regarding their benefits, costs, and how to
precisely implement them. These messages should be developed by those intimately familiar
with the practices to generate the most efficacious product to be widely diffused, encouraging
pollinator BMP adoption. Additionally, there may be great benefit in the increased collaboration
of different organizations to provide more specific hands-on workshops that immerse
landholders in the knowledge and skills they need to implement particular pollinator BMPs.
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In the words of E. O. Wilson (1999; p. 294): “We are drowning in information, while
starving for wisdom. The world henceforth will be run by synthesizers, people able to put
together the right information at the right time, think critically about it, and make important
choices wisely.” My dissertation research was an empirical attempt to synthesize information
and think critically about the results, providing a valuable first step in understanding how
landholder attributes affect the adoption of pollinator conservation practices. Future research is
needed to strengthen our theoretical understanding of how landholder attributes influence
adoption intentions, and ultimately adoption behavior, as well as to increase our ability to
improve the efficacy of educational and outreach efforts. It is imperative to remember, although
important, pollinator conservation is only one type of conservation effort crucial in landscapes
and only one component of a practitioner’s focus. Fortunately, the BMPs supporting native
insect pollinators also provide myriad benefits for the landscapes in which they are implemented,
causing an advantageous cascade to other floral and faunal species requiring similar
environmental conditions. The bottom line is to support pollinators in varied landscapes, we need
to promote practices that are specific, tangible, and beneficial to private landholders. Continued
learning about landholders’ behavioral influences and connections with the land will strengthen
future pollinator conservation efforts.
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A.1

IRB Approval Letter

Figure A.1

Mississippi State University Institutional Review Board Approval Notification
Letter.
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A.2

Correspondence with Landholders
The following documents are the letters and postcard sent during June and July 2018 for

the Mississippi Pollinator Best Management Practices Survey. Landholders who did not respond
to the first mailing received a postcard reminder one week after the first letter and survey packet
was sent, the second letter and another survey packet three weeks later, and the final letter and
another survey packet three weeks later if they had still not responded.
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A.2.1

First Letter

June 4, 2018
«FIRST» «MIDDLE» «LAST» «SUFFIX»
«CAREOF»
«ADDRESS»
«CITY», «STATE» «ZIP»
Dear «SALUTE»:
We are writing to ask for your help in a dissertation research study that we are conducting of Mississippi
landholders (i.e., people who own or lease land in Mississippi). This research project examines
knowledge, attitudes, preferences, and actions of private landholders regarding pollinator best
management practices. Your responses are critical for understanding the current use, knowledge of, and
attitudes toward pollinator best management practices, as well as the development of landholder support
opportunities.
You are one of a small number of Mississippi landholders selected to participate in this research project,
and it is important that YOU and no one else complete the questionnaire. Your responses are important
whether you have or have not used any pollinator best management practices. When responding to the
survey, please answer the questions regarding practices on your «TOTALACRES»-acre property in
«COUNTY» County, Mississippi. Please use the included leaflet as a reference when filling out the
questionnaire.
All responses will be strictly confidential, and you will not be identified with your answers. Your
answers will be grouped with other respondents in a non-identifiable manner. The questionnaire has an
identification number for mailing purposes only. This is so we can remove your name from the mailing
list once we receive it. Your identifiable information will not be revealed to anyone outside of our
research laboratory.
Although the survey is completely voluntary, we hope that you will take the 15-25 minutes necessary to
provide your input and be a part of this new study that will address research and action gaps in pollinator
conservation. After you complete the questionnaire, please return it to Mississippi State University in the
postage-paid, business reply envelope as soon as possible. If you should have any questions about this
research project, please feel free to contact Shannon Westlake at (662) 325-4153.
Thank you in advance for your cooperation.
Sincerely,

Shannon M. Westlake
Ph.D. Student & Lab Coordinator
Human Dimensions Laboratory

Dr. Kevin M. Hunt
Professor & Director
Human Dimensions Laboratory
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A.2.2

Figure A.2

Post Card Reminder

Post Card Reminder Front Content.
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Figure A.3

Post Card Reminder Back Content.
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A.2.3

Second Letter

June 25, 2018
«FIRST» «MIDDLE» «LAST» «SUFFIX»
«CAREOF»
«ADDRESS»
«CITY», «STATE» «ZIP»
Dear «SALUTE»:
About three weeks ago, we sent you a survey about pollinator best management practices as part of a
dissertation research project that we are conducting of Mississippi landholders (i.e., people who own or
lease land in Mississippi). As of today, we have not yet received your completed questionnaire. If you
have recently returned your survey, please accept our thanks. The responses of people who have already
returned their questionnaires included a wide variety of answers. However, the success and accuracy of
this study depends on you and the others who have not yet responded. We ask for your help in making
sure the results are representative of all landholders in Mississippi.
In case you have misplaced your survey, we have enclosed another. Your responses will be an important
component of this new study by helping us develop a better understanding of landholders in terms of their
knowledge, attitudes, and actions towards pollinator best management practices. You are one of a small
number of Mississippi landholders selected to participate in this research project, and it is important that
YOU and no one else complete the questionnaire. When responding to the survey, please answer the
questions regarding practices on your «TOTALACRES»-acre property in «COUNTY» County,
Mississippi. Please use the included leaflet as a reference when filling out the questionnaire.
All responses will be strictly confidential, and you will not be identified with your answers. Your
answers will be grouped with other respondents in a non-identifiable manner. The questionnaire has an
identification number for mailing purposes only. This is so we can remove your name from the mailing
list once we receive it.
Although the survey is completely voluntary, we hope that you will take the 15-25 minutes necessary to
provide your input and be a part of this new study. After you complete the questionnaire, please return it to
Mississippi State University in the postage-paid, business reply envelope as soon as possible. If for any
reason you do not want to participate in this research, please place the blank questionnaire in the envelope and
send it back to us. That will prevent you from receiving follow-up correspondences from us. If you should
have any questions about this research project, please feel free to contact Shannon Westlake at (662) 3254153.
Thank you in advance for your cooperation.
Sincerely,

Shannon M. Westlake
Ph.D. Student & Lab Coordinator
Human Dimensions Laboratory

Dr. Kevin M. Hunt
Professor & Director
Human Dimensions Laboratory
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A.2.4

Final Letter

July 16, 2018
«FIRST» «MIDDLE» «LAST» «SUFFIX»
«CAREOF»
«ADDRESS»
«CITY», «STATE» «ZIP»
Dear «SALUTE»:
Over the past two months, we have sent two requests to complete a survey about pollinator best
management practices as part of a dissertation research project that we are conducting of Mississippi
landholders (i.e., people who own or lease land in Mississippi). As of today, we have not yet received
your completed questionnaire. If you have recently returned your survey, please accept our thanks. The
success and accuracy of this study depends on you and the others who have not yet responded. We ask
for your help in making sure the research results are representative of all landholders in Mississippi.
In case you have misplaced your survey, we have enclosed another. Your responses will be an important
component of this new study by helping us develop a better understanding of landholders in terms of their
knowledge, attitudes, and actions towards pollinator best management practices. If your name is not
listed on this letter but you are the property manager or current landholder, please feel free to
complete this questionnaire. Your responses are important whether you have or have not used any
pollinator best management practices. When responding to the survey, please answer the questions
regarding practices on your «TOTALACRES»-acre property in «COUNTY» County, Mississippi.
Please use the included leaflet as a reference when filling out the questionnaire.
All responses will be strictly confidential, and you will not be identified with your answers. Your
answers will be grouped with other respondents in a non-identifiable manner. The questionnaire has an
identification number for mailing purposes only. This is so we can remove your name from the mailing
list once we receive it.
Although the survey is completely voluntary, we hope that you will take the 15-25 minutes necessary to
provide your input and be a part of this new study. After you complete the questionnaire, please return it to
Mississippi State University in the postage-paid, business reply envelope as soon as possible. If for any
reason you do not want to participate in this research study, please place the blank questionnaire in the
envelope and send it back to us. That will prevent you from receiving follow-up correspondences from us.
If you should have any questions about this research project, please feel free to contact Shannon Westlake at
(662) 325-4153.
Thank you in advance for your cooperation.
Sincerely,

Shannon M. Westlake
Ph.D. Student & Lab Coordinator
Human Dimensions Laboratory

Dr. Kevin M. Hunt
Professor & Director
Human Dimensions Laboratory
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A.3

Questionnaire

Figure A.4

Cover Page of the Mississippi Pollinator Best Management Practices Survey
Questionnaire.
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THIS SURVEY WILL HELP US TO KNOW MORE ABOUT MISSISSIPPI LANDHOLDERS. THE INFORMATION YOU PROVIDE WILL
REMAIN STRICTLY CONFIDENTIAL, AND YOU WILL NOT BE IDENTIFIED WITH YOUR ANSWERS. PLEASE REFER TO THE
INCLUDED LEAFLET REGARDING POLLINATOR BEST MANAGEMENT PRACTICES (BMPs).
PART #1 – PLEASE ANSWER QUESTIONS #1-#11 ABOUT THE PROPERTY LISTED IN THE INCLUDED COVER LETTER.
1.

What is this property’s primary type of land use? (Please circle only one)
1 Animal Agriculture
2 Crop Agriculture
3 Timber Production

2.

4
5
6

Recreation/Leisure
Residence
Other (Please specify: _______________________)

How many acres is this property?
________ Acres

3.

How long have you owned/leased this property?
________ Years

4.

How did you acquire this property? (Please circle only one)
1 Purchased
2 Inherited

5.

3
4

Leased
Other (Please specify: _______________________)

How important are the following reasons to you for owning/leasing this property?

a)
b)
c)

Having profitable working land ........................................................... 1
Providing clean water .......................................................................... 1
Learning how to live off the land ........................................................ 1

2
2
2

3
3
3

4
4
4

5
5
5

d)
e)
f)

Providing fee-based recreation ........................................................... 1
Maintaining healthy soils .................................................................... 1
Having a place of my own ................................................................... 1

2
2
2

3
3
3

4
4
4

5
5
5

g)
h)
i)

Providing a legacy to heirs .................................................................. 1
Maintaining wildlife habitat ................................................................ 1
Growing healthy food for myself, family members, and friends ......... 1

2
2
2

3
3
3

4
4
4

5
5
5

j)
k)
l)

Having a long-term investment ........................................................... 1
Connecting with nature ....................................................................... 1
Having personal recreation opportunities for myself, family
members, and friends ......................................................................... 1

2
2

3
3

4
4

5
5

2

3

4

5
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6.

Is this property currently enrolled in any conservation programs?
1

Yes

2

No (If No, please skip ahead to Question #7)

If Yes, please list the amount of acres you have enrolled in each of the following programs. If you are enrolled in another
program, please specify it in Other:
Program

Acres

Conservation Reserve Program (CRP)
Wetland Reserve Program (WRP)
Conservation Stewardship Program (CSP)
Agricultural Conservation Easement Program (ACEP)
Environmental Quality Incentives Program (EQIP)
Other (Please specify___________________________________________________)

7.

On this property, what is your experience with using the pollinator BMPs described on the included leaflet? (Please check
all that apply in each column)

a)

Planted nectar species …………………………………………………….

b)

Used cover crops …………………………………………………………….

c)

Created field borders …….………………………………………………..

d)

Planted host plant species ……………………………………………….

e)

Practiced conservation tillage ………………………………………….

f)

Created brush piles ………..……………………………………………….

g)

Used Integrated Pest Management (IPM) practices …………

h)

Used targeted herbicides ……………………..............................

i)

Adjusted pesticide application timing ………………………………

171

8.

Please indicate the extent to which you agree or disagree with each of the following statements regarding pollinator
habitat on this property:

a)
b)
c)
d)
e)
f)
g)
h)
i)

9.

I think planting nectar species on this property would improve the
health of the property ......................................................................... 1
I think creating field borders on this property would be beneficial
for wildlife ........................................................................................... 1
I think using cover crops on this property would help reduce
negative impacts on the environment ................................................ 1
I think planting host plant species on this property would improve
the health of the property .................................................................. 1
I think practicing conservation tillage on this property would help
reduce negative impacts on the environment .................................... 1
I think creating brush piles on this property would be beneficial for
wildlife ................................................................................................. 1
I think using IPM practices on this property would improve the
health of the property ......................................................................... 1
I think using targeted herbicides on this property would help reduce
negative impacts on the environment ................................................ 1
I think adjusting pesticide application timing on this property would
be beneficial for wildlife ...................................................................... 1

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

Please indicate the extent to which you agree or disagree with each of the following statements, ending each statement
with “… on this property in the next year”:

a)

I have the skills needed to plant nectar species .................................. 1

2

3

4

5

b)

I have the resources to use cover crops .............................................. 1

2

3

4

5

c)

I have the time to create field borders ............................................... 1

2

3

4

5

d)

It would be easy for me to create brush piles ..................................... 1

2

3

4

5

e)

I have the resources to practice conservation tillage .......................... 1

2

3

4

5

f)

I have the time to plant host plant species ......................................... 1

2

3

4

5

g)

I have the skills needed to use IPM practices ...................................... 1

2

3

4

5

h)

I have the resources to use targeted herbicides ................................. 1

2

3

4

5

i)

I have the time to adjust pesticide application timing ........................ 1

2

3

4

5
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FOR QUESTION #10, THE POLLINATOR BMPs HAVE BEEN GROUPED INTO 3 MAIN TYPES: ESTABLISH FORAGE HABITAT,
PROVIDE NESTING HABITAT, AND REDUCE CHEMICAL USE. PLEASE REFER TO THE INCLUDED LEAFLET IF NEEDED.
10. Please indicate the extent to which you agree or disagree with each of the following statements, ending each statement
with “… property in the next year”:

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
l)

My neighbors think I should establish forage habitat on this ............. 1
Those important to me think I should establish forage habitat on
this ...................................................................................................... 1
Landholders like me think I should establish forage habitat on this ... 1

2

3

4

5

2
2

3
3

4
4

5
5

My neighbors think I should provide nesting habitat on this .............. 1
Those important to me think I should provide nesting habitat on
this ...................................................................................................... 1
Landholders like me think I should provide nesting habitat on this .... 1

2

3

4

5

2
2

3
3

4
4

5
5

My neighbors think I should reduce my chemical use on this ............ 1
Those important to me think I should reduce my chemical use on
this ...................................................................................................... 1
Landholders like me think I should reduce my chemical use on this .. 1

2

3

4

5

2
2

3
3

4
4

5
5

My neighbors are planning to establish forage habitat on their ......... 1
Those important to me are planning to provide nesting habitat on
their ..................................................................................................... 1
Landholders like me are planning to reduce their chemical use on
their ..................................................................................................... 1

2

3

4

5

2

3

4

5

2

3

4

5

11. Please indicate the extent to which you agree or disagree with each of the following statements, ending each statement
with “… in the next year”:

a)
b)
c)

I will plant nectar species on this property ......................................... 1
I will use cover crops on this property ................................................ 1
I will create field borders on this property .......................................... 1

2
2
2

3
3
3

4
4
4

5
5
5

d)
e)
f)

I will plant host plant species on this property ................................... 1
I will practice conservation tillage on this property ............................ 1
I will create brush piles on this property ............................................. 1

2
2
2

3
3
3

4
4
4

5
5
5

g)
h)
i)

I will use IPM practices on this property ............................................. 1
I will use targeted herbicides on this property .................................... 1
I will adjust pesticide application timing on this property .................. 1

2
2
2

3
3
3

4
4
4

5
5
5

j)
k)

I will learn more about pollinator BMPs ............................................. 1
I will encourage others to use pollinator BMPs on their land ............. 1

2
2

3
3

4
4

5
5
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PART #2 – PLEASE ANSWER QUESTIONS #12-#16 IN GENERAL ABOUT YOU AS A LANDHOLDER.
12. Do you use pollinator BMPs on any of your other landholdings?
1 Yes
2 No (If No, please skip ahead to Question #13)
If Yes, please list the locations where you are using pollinator BMPs, the size of the property in acres, and the estimated
amount of acres on which you currently use these practices. If you are using these BMPs on more than four properties,
please list based on your landholdings with the greatest total acreage:
County

State

Acres with
Pollinator BMPs

Total Acres

13. Please indicate the extent to which you agree or disagree with each of the following statements, starting each statement
with “I have adequate knowledge…“:

a)
b)
c)

To plant nectar species ....................................................................... 1
To use cover crops .............................................................................. 1
To create field borders ........................................................................ 1

2
2
2

3
3
3

4
4
4

5
5
5

d)
e)
f)

To plant host plant species ................................................................. 1
To practice conservation tillage .......................................................... 1
To create brush piles ........................................................................... 1

2
2
2

3
3
3

4
4
4

5
5
5

g)
h)
i)

To use IPM practices ........................................................................... 1
To use targeted herbicides .................................................................. 1
To adjust pesticide application timing ................................................ 1

2
2
2

3
3
3

4
4
4

5
5
5

j)
k)

Of the benefits of pollinator habitat ................................................... 1
Of the need to use pollinator BMPs .................................................... 1

2
2

3
3

4
4

5
5

l) Of the importance of pollination ........................................................ 1
m) Of the importance of my action to provide pollinator habitat ............ 1

2
2

3
3

4
4

5
5
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14. How often do you use the following resources for information about management practices for your property in general,
not just for pollinator BMPs?

a)
b)

USDA Farm Service Agency Mississippi reports ................... 1
USDA Natural Resources Conservation Service
publications ..........................................................................1

2

3

4

5

2

3

4

5

c)
d)

USDA Forest Service publications ........................................1
US Fish and Wildlife Service publications ............................. 1

2
2

3
3

4
4

5
5

e)
f)

Pollinator Partnership publications ......................................1
The Xerces Society publications ...........................................1

2
2

3
3

4
4

5
5

g)
h)

County Extension publications .............................................1
Internet search engines ....................................................... 1

2
2

3
3

4
4

5
5

Other (Please specify: __________________________________)
15. How often do you contact the following people to learn more about management practices for your property in general,
not just for pollinator BMPs?

a)
b)
c)

Neighbors ............................................................................................ 1
Friends ................................................................................................. 1
Similar landholders ............................................................................. 1

2
2
2

3
3
3

4
4
4

5
5
5

d)
e)

USDA Natural Resources Conservation Service agents ....................... 1
USDA Farm Service Agency agents ...................................................... 1

2
2

3
3

4
4

5
5

f)
g)

USDA Forest Service agents ................................................................ 1
US Fish and Wildlife Service agents ..................................................... 1

2
2

3
3

4
4

5
5

h)
i)

County Extension agents ..................................................................... 1
Master Gardeners ............................................................................... 1

2
2

3
3

4
4

5
5

Other (Please specify: __________________________________________)
16. To which of the following organizations do you belong? (Please circle all that apply)
1

County Agriculture or Farm-based
Organization

6

National Agriculture or Farm-based
Organization

2

Homeowners Association

7

Local Conservation or Environmental Organization

3

County Forestry Organization

8

National Forestry Organization

4

State-wide Agriculture or Farm-based
Organization

9

National Conservation or Environmental
Organization

5

Community Service Organization

10 State-wide Forestry Organization
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QUESTIONS #17 THROUGH #22 WILL HELP US TO KNOW MORE ABOUT MISSISSIPPI LANDHOLDERS. THIS INFORMATION WILL
REMAIN STRICTLY CONFIDENTIAL, AND YOU WILL NOT BE IDENTIFIED WITH YOUR ANSWERS.
17. What is your age?
________ Years
18. Are you:
1 Male
2 Female
19. What is your approximate annual HOUSEHOLD income before taxes? (Please circle only one)
1
2
3
4
5

Under $25,000
$25,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 to $124,999

6
7
8
9

$125,000 to $149,999
$150,000 to $174,999
$175,000 to $249,999
$250,000 and Above

20. What is the highest education level you have attained? (Please circle only one)
1
2
3
4

Some High School
High School Graduate
Some College
College Graduate

5
6
7

Some Graduate Work
Master’s Degree
Doctoral or Professional Degree

21. Which best describes you? (Please circle all that apply)
1
2
3
4

White
Hispanic, Latino, or Spanish origin
Black or African American
Asian

5
6
7
8

American Indian or Alaska Native
Middle Eastern or North African
Native Hawaiian / Pacific Islander
Other (Please specify: _______________)

22. Was this survey completed by the person to whom it was addressed?
1 Yes
2 No
Your contribution of time to this study is greatly appreciated. Please return your completed questionnaire in the postagepaid, business reply envelope as soon as possible. If you have any additional comments regarding this survey or pollinator
BMPs, please contact Shannon Westlake at smw750@msstate.edu. Thank You.
Mississippi State University
Department of Wildlife, Fisheries & Aquaculture
Mississippi State, Mississippi 39762-9690
6/18
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A.4

Leaflet

Figure A.5

Mississippi Pollinator Best Management Practices Survey Leaflet Front Page.
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Figure A.6

Mississippi Pollinator Best Management Practices Survey Leaflet Back Page.
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MISSISSIPPI POLLINATOR BEST MANAGEMENT PRACTICES SURVEY RESULTS
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B.1

Demographic Comparison Tables

Table B.1

Demographic Comparison of Total and Split Samples.

Years

Total
(n = 924)
66.38 ± 11.00

Sample 1
(n = 462)
66.47 ± 10.88

Sample 2
(n = 462)
66.29 ± 11.12

Variable

Category

Age
Gender

Income

Education

Male

72.0%

70.7%

73.3%

Under $25,000

11.3%

8.8%

13.8%

$25,000 to $49,999

18.6%

20.4%

16.7%

$50,000 to $74,999

20.4%

21.1%

19.7%

$75,000 to $99,999

13.8%

12.8%

14.8%

$100,000 to $124,999

12.4%

12.8%

12.1%

$125,000 to $149,999

7.0%

6.6%

7.4%

$150,000 to $174,999

3.9%

4.4%

3.4%

$175,000 to $249,999

4.8%

5.9%

3.7%

$250,000 and Above

7.7%

7.1%

8.4%

Some High School

2.9%

3.3%

2.6%

High School Graduate

18.6%

19.1%

18.2%

Some College

25.8%

27.2%

24.5%

College Graduate

26.6%

26.5%

26.7%

Some Graduate Work

4.6%

5.0%

4.1%

Master's Degree

14.3%

13.2%

15.4%

Doctoral or
Professional Degree

7.1%

5.7%

8.5%

White

89.0%

87.7%

90.3%

0.3%

0.0%

0.6%

7.5%

8.0%

6.9%

0.2%

0.2%

0.2%

0.8%

1.5%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

Hispanic, Latino, or
Spanish origin
Black or African
American
Race & Ethnicity

Asian
American Indian or
Alaska Native
Middle Eastern or
North African
Native Hawaiian /
Pacific Islander

Rural Property

Yes

80.7%

82.7%

78.8%

Resident Landholder

Yes

84.0%

83.5%

84.4%

Note: Years of age are means ± standard deviations; The new Census recommendation was employed for race and
ethnicity questions by allowing respondents to circle all choices that best described them.

180

Table B.2

Demographic Comparison of the Second Sample Total and Adopter Groups.

Variable

Category

Sample 2
Total
(n = 462)

Current
Adopters
(n = 160)

Previous
Adopters
(n = 138)

Non-Adopters
(n = 164)

Age

Years

66.29 ± 11.12

65.03 ± 11.24

67.08 ± 11.13

66.87 ± 10.96

Gender

Male

73.3%

79.7%

70.8%

69.1%

Under $25,000

13.8%

7.6%

18.3%

16.2%

$25,000 to $49,999

16.7%

20.1%

13.3%

16.2%

$50,000 to $74,999

19.7%

20.8%

17.5%

20.4%

$75,000 to $99,999

14.8%

10.4%

18.3%

16.2%

$100,000 to $124,999

12.1%

15.3%

13.3%

7.7%

$125,000 to $149,999

7.4%

10.4%

6.7%

4.9%

$150,000 to $174,999

3.4%

2.8%

3.3%

4.2%

$175,000 to $249,999

3.7%

3.5%

2.5%

4.9%

$250,000 and Above

8.4%

9.0%

6.7%

9.2%

Some High School

2.6%

3.1%

2.2%

2.5%

High School Graduate

18.2%

18.8%

18.1%

17.8%

Some College

24.5%

30.6%

23.2%

19.6%

College Graduate

26.7%

25.0%

29.0%

26.4%

Income

Education

Some Graduate Work

4.1%

2.5%

3.6%

6.1%

Master's Degree

15.4%

11.9%

16.7%

17.8%

Doctoral or
Professional Degree

8.5%

8.1%

7.2%

9.8%

White

90.3%

95.6%

94.2%

81.7%

0.6%

0.6%

0.0%

1.2%

6.9%

1.9%

5.8%

12.8%

0.2%

0.0%

0.0%

0.6%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

Hispanic, Latino, or
Spanish origin
Black or African
American
Race &
Ethnicity

Asian
American Indian or
Alaska Native
Middle Eastern or
North African
Native Hawaiian /
Pacific Islander

Rural Property

Yes

78.8%

78.1%

76.1%

81.7%

Resident
Landholder

Yes

84.4%

89.4%

85.5%

78.7%

Note: Years of age are means ± standard deviations; The new Census recommendation was employed for race and
ethnicity questions by allowing respondents to circle all choices that best described them.

181

B.2

Exploratory Factor and Reliability Analyses Results

Table B.3

Exploratory Factor and Reliability Analysis for Theory of Planned Behavior
Indicators.

Constructs

Factor 1
Loading

Factor 2
Loading

-I think planting nectar species on this property would improve the
health of the property

0.73

--

-I think creating field borders on this property would be beneficial for
wildlife

0.72

--

-I think using cover crops on this property would help reduce negative
impacts on the environment

0.71

--

-I think planting host plant species on this property would improve the
health of the property

0.77

--

-I think practicing conservation tillage on this property would help
reduce negative impacts on the environment

0.69

--

-I think creating brush piles on this property would be beneficial for
wildlife

0.66

--

-I think using IPM practices on this property would improve the health
of the property

0.62

0.48

-I think using targeted herbicides on this property would help reduce
negative impacts on the environment

--

0.88

-I think adjusting pesticide application timing on this property would
be beneficial for wildlife

--

0.81

0.78
0.82
0.81
0.74
0.77
0.81
0.83
0.80
0.83

----------

Attitudes (α = 0.92)
Please indicate the extent to which you agree or disagree with each of
the following statements regarding pollinator habitat on this property:

Perceived Behavioral Control (α = 0.94)
Please indicate the extent to which you agree or disagree with each of
the following statements, ending each statement with "… on this
property in the next year":
-I have the skills needed to plant nectar species
-I have the resources to use cover crops
-I have the time to create field borders
-It would be easy for me to create brush piles
-I have the resources to practice conservation tillage
-I have the time to plant host plant species
-I have the skills needed to use IPM practices
-I have the resources to use targeted herbicides
-I have the time to adjust pesticide application timing
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Table B.3 (continued)
Constructs

Factor 1
Loading

Factor 2
Loading

0.71
0.83
0.79
0.80
0.82
0.80
0.43
---

------0.72
0.92
0.77

0.83
0.85
0.83
0.85
0.82
0.78
0.87
0.78
0.82

----------

Injunctive Norms (α = 0.94)
Please indicate the extent to which you agree or disagree with each of
the following statements, ending each statement with "… property in
the next year":
-My neighbors think I should establish forage habitat on this
-Those important to me think I should establish forage habitat on this
-Landholders like me think I should establish forage habitat on this
-My neighbors think I should provide nesting habitat on this
-Those important to me think I should provide nesting habitat on this
-Landholders like me think I should provide nesting habitat on this
-My neighbors think I should reduce my chemical use on this
-Those important to me think I should reduce my chemical use on this
-Landholders like me think I should reduce my chemical use on this
Intentions (α = 0.95)
Please indicate the extent to which you agree or disagree with each of
the following statements, ending each statement with "… in the next
year":
-I will plant nectar species on this property
-I will use cover crops on this property
-I will create field borders on this property
-I will plant host plant species on this property
-I will practice conservation tillage on this property
-I will create brush piles on this property
-I will use IPM practices on this property
-I will use targeted herbicides on this property
-I will adjust pesticide application timing on this property

Note: IPM = Integrated Pest Management; α = Cronbach's alpha; Varimax rotated factor loadings; Factor loadings <
0.40 suppressed.
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Table B.4

Exploratory Factor and Reliability Analysis for Diffusion of Innovation Theory
Indicators.

Constructs

Factor 1
Loading

Factor 2
Loading

0.82
0.87
0.88
0.85
0.84
0.77
0.84
0.82
0.84

----------

0.84
0.87
0.77
0.65
--0.70
0.50

----0.89
0.77
---

---0.81
0.84
0.70

0.77
0.91
0.76
----

Knowledge (α = 0.95)
Please indicate the extent to which you agree or disagree with each of
the following statements, starting each statement with "I have
adequate knowledge…":
-To plant nectar species
-To use cover crops
-To create field borders
-To plant host plant species
-To practice conservation tillage
-To create brush piles
-To use IPM practices
-To use targeted herbicides
-To adjust pesticide application timing
Knowledge Stage Communication Channel (α = 0.88)
How often do you use the following resources for information about
management practices for your property in general, not just for
pollinator BMPs?
-USDA Farm Service Agency Mississippi reports
-USDA Natural Resources Conservation Service publications
-USDA Forest Service publications
-US Fish and Wildlife Service publications
-Pollinator Partnership publications
-The Xerces Society publications
-County Extension publications
-Internet search engines
Persuasion Stage Communication Channel (α = 0.91)
How often do you contact the following people to learn more about
management practices for your property in general, not just for
pollinator BMPs?
-Neighbors
-Friends
-Similar landholders
-USDA Natural Resources Conservation Service agents
-USDA Farm Service Agency agents
-USDA Forest Service agents
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Table B.4 (continued)
Constructs

Factor 1
Loading

Factor 2
Loading

-US Fish and Wildlife Service agents

0.63

--

-County Extension agents

0.69

--

-Master Gardeners

0.46

--

Note: α = Cronbach's alpha; Varimax rotated factor loadings; Factor loadings < 0.40 suppressed.
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